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THE RELATIVE ECONOMY OF VARIOUS MODES 
OF ATTACK IN THE MASTERY 
OF A STYLUS MAZE 


BY CARL JOHN WARDEN 


Columbia University 


THE PROBLEM 


It has been quite generally assumed that the reactions 
normally evoked in the process of learning a stylus maze are 
very largely of the characteristic motor type. In fact the 
maze has come to be considered the standard apparatus, 
perhaps, in present laboratory practice, for the study of trial 
and error motor learning, and especially so in connection with 
comparative studies. Here the results obtained upon an 
animal maze are compared directly with those obtained with 
human subjects upon a stylus maze of similar or identical 


design. The fundamental assumption seems to be that the ~ 


human subject in the stylus maze situation must build up a 
reaction pattern largely in terms of muscular control, in 
much the same manner as the animal is known to do in 
maze learning. 

Perrin! called attention to the fact that the response in 
the stylus maze situation varied considerably as between 
individuals, being much less a typical motor response in 
some subjects than in others. Later Carr? found that the 
effect of giving the subject varying amounts of visual guidance 
in the early stage of the learning process changed also the 
type of reaction called out to a marked degree. 


1 Perrin, F. A. C., ‘An Experimental and Introspective Study of the Human 
Learning Process in the Maze,’ Psychol. Review Monog., 1914, 16, No. 70. 

2 Carr, H. A., ‘ The Influence of Visual Guidance in Maze Learning,’ Jour. Exper. 
PsycHOL., 1921, 4, 399-417. 
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The present study is an attempt to analyze the various 
modes of attack adopted by subjects who were wholly un- 
biased and naive as to the methods that may be employed, 
and who, therefore, were left to ‘hit upon’ such modes of 
reaction as each was able to do, in mastering the situation. 
In this way it was hoped to determine the extent to which 
the maze is a typical motor problem in the sense indicated in 
the opening paragraph. This original problem was broadened 
in the final treatment of the data to include such other related 
topics as are indicated below: 

1. The distribution of subjects under the various modes 
of attack adopted. 


2. The relative economy of the different methods of 
learning employed. 


3. The factor of intra-pattern transfer in learning under 
motor control. 

4. An analysis of the so-called visual imagery control. \ 

5. Rank in maze learning in relation to rank in Alpha 
and Thorndike test scores. | 


APPARATUS AND METHOD 


The two patterns of maze employed are shown in Fig. I. 
They were of the usual construction of brass, the quarter 
inch grooves being cut entirely through the sheet of brass, 
which rested upon a base of plate glass, thus insuring a smooth 
surface throughout for the movement of the stylus. The 
latter was of gutta percha and was provided with a wide 
flange near the lower end that made it impossible for the 
hand to come into contact with the maze at any point. 

The mazes, each of which measured 10} by 11} inches in 
size, were securely fastened to a table with a 24 by 36 inch 
top and which was approximately 30 inches high. Instead 
of blindfolding the subject, the maze together with the entire 
top of the table was hidden from the view of the subject by 
means of a cloth-covered frame 20 inches in height which 
made an effective hood. Directly in front of the subject the 
curtain of the hood was held outward in such a manner as to 
permit a free and easy movement of the arm in operating 
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the stylus, when extended through this opening. The subject 
seated himself directly in front of the maze in a comfortable 
- position as if for writing upon the table. 

For a more elaborate description of the apparatus, and 
for a statement of the method used in the scoring of errors at 
each of the 10 culs de sac, the criteria of error elimination 
employed, etc., reference may be had to an article appearing 
in a previous issue of this journal.! 

Particular attention is called to the fact that in no case 
was information concerning either the nature of the task or 
the manner of its performance given verbally to the subject. 
Upon first entering the room each subject was handed a 
sheet of typed instructions giving a brief general description 
of a stylus maze situation, the starting and stopping signals, 
a few precautions concerning the proper method of holding 
the stylus, and other similar information. The problem 
itself was stated to be, ‘learning to go from the entrance to 
the goal without making any false turns into blind alleys, for 
three trials out of four in succession.’ 

The subject was informed at the bottom of the page not 
to ask questions of the experimenter, to read the instructions 
over at least twice, and to indicate when he was ready to 
begin. In a few cases the subject did ask the experimenter 
‘just how he should go about it to learn,’ etc., but such 
questions were always answered by the experimenter merely 
by a typically Continental shrug of the shoulders. Each 
subject approached the problem, therefore, with exactly the 
same opportunity of informing himself as to the nature of 
the situation, and the manner of meeting it was left entirely 
to his own ingenuity. : 

This rigid technique, in which not a single word concerning 
the task was uttered by the experimenter in the presence of 
the subject previous to the learning, makes it impossible that 
the results obtained are in any measure due to suggestion or 
immediate laboratory atmosphere. Inasmuch as it was the 
intention to determine whether or not any relation exists 
between the intelligence scores of the subjects and the mode 

1 Journ. oF Exp. Psycu., April, 1924, 98-116. ‘ 
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of attack that they might ‘hit upon’ in learning the maze, 
the importance of the technique concerned with the pre- 
conditions of learning can hardly be overemphasized. 

After the problem had been mastered the subject was 
handed a sheet of paper on which had been typed a brief 
description of the 3 following methods of learning, with 
instructions to check their use, in the order of their impor- 
tance, in the present situation: Word reaction method, 
Visual imagery method, Motor method. He was also in- 
structed to describe, in blank spaces provided, any method 
or methods which he may have used that seemed to him to 
be different from either of the three listed. This was the 
first intimation given the subject that the experimenter was 
in any way interested in'the manner of his attack in learning 
the maze. 

After the questionnaire had been checked, the subject 
was questioned verbally by the experimenter as to precisely 
what he had meant by indicating that he had used this, 
that or the other method in learning. He was also required 
to describe or illustrate the operation of the method or 
methods as applied to his own case. Occasionally the subject 
decided that he had made an error in checking the question- 
naire, in which case he was allowed to make a correction. 
The error arose, of course, from the fact that the descriptions 
of the different methods on the questionnaire had not been 
adequate in such cases. Changes in the original check after 
the verbal questioning occurred, however, in less than § per 
cent. of the cases, and most often involved the addition of a 
second method that had been used to some extent, rather 
than a change in the matter of the method primarily used. 
Since the classification of subjects into response types in the 
present report was made altogether on the basis of the mode 
of attack primarily employed, this recheck of the question- 
naires is inconsequential in determining the general outcome 
of the results. 

Perhaps a word should be said about the forms of reaction 
involved by each of the three methods as here interpreted. 
‘Under the term ‘word reaction’ was included attempts to 
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the stylus, when extended through this opening. The subject 
seated himself directly in front of the maze in a comfortable 
position as if for writing upon the table. 

For a more elaborate description of the apparatus, and 
for a statement of the method used in the scoring of errors at 
each of the 10 culs de sac, the criteria of error elimination 
employed, etc., reference may be had to an article appearing 
in a previous issue of this journal.} : 

Particular attention is called to the fact that in no case 
was information concerning either the nature of the task or 
the manner of its performance given verbally to the subject. 
Upon first entering the room each subject was handed a 
sheet of typed instructions giving a brief general description 
of a stylus maze situation, the starting and stopping signals, 
a few precautions concerning the proper method of holding 
the stylus, and other similar information. The problem 
itself was stated to be, ‘learning to go from the entrance to 
the goal without making any false turns into blind alleys, for 
three trials out of four in succession.’ 

The subject was informed at the bottom of the page not 
to ask questions of the experimenter, to read the instructions 
over at least twice, and to indicate when he was ready to 
begin. In a few cases the subject did ask the experimenter 
‘just how he should go about it to learn,’ etc., but such 
questions were always answered by the experimenter merely 
by a typically Continental shrug of the shoulders. Each 
subject approached the problem, therefore, with exactly the 
same opportunity of informing himself as to the nature of 
the situation, and the manner of meeting it was left entirely 
to his own ingenuity. | ’ 

This rigid technique, in which not a single word concerning 
the task was uttered by the experimenter in the presence of 
the subject previous to the learning, makes it impossible that 
the results obtained are in any measure due to suggestion or 
immediate laboratory atmosphere. Inasmuch as it was the 
intention to determine whether or not any relation exists 
between the intelligence scores of the subjects and the mode 

1 Journ. or Exp. Psycu., April, 1924, 98-116. 
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of attack that they might ‘hit upon’ in learning the maze, 
the importance of the technique concerned with the pre- 
conditions of learning can hardly be overemphasized. 

After the problem had been mastered the subject was 
handed a sheet of paper on which had been typed a brief 
description of the 3 following methods of learning, with 
instructions to check their use, in the order of their impor- 
tance, in the present situation: Word reaction method, 
Visual imagery method, Motor method. He was also in- 
structed to describe, in blank spaces provided, any method 
or methods which he may have used that seemed to him to 
be different from either of the three listed. This was the 
first intimation given the subject that the experimenter was 
in any way interested in the manner of his attack in learning 
the maze. 

After the questionnaire had been checked, the subject 
was questioned verbally by the experimenter as to precisely 
what he had meant by indicating that he had used this, 
that or the other method in learning. He was also required 
to describe or illustrate the operation of the method or 
methods as applied to his own case. Occasionally the subject 
decided that he had made an error in checking the question- 
naire, in which case he was allowed to make a correction. 
The error arose, of course, from the fact that the descriptions 
of the different methods on the questionnaire had not been 
adequate in such cases. Changes in the original check after 
the verbal questioning occurred, however, in less than § per 
cent. of the cases, and most often involved the addition of a 
second method that had been used to some extent, rather 
than a change in the matter of the method primarily used. 
Since the classification of subjects into response types in the 
present report was made altogether on the basis of the mode 
of attack primarily employed, this recheck of the question- 
naires is inconsequential in determining the general outcome 
of the results. 

Perhaps a word should be said about the forms of reaction 
involved by each of the three methods as here interpreted. 
Under the term ‘word reaction’ was included attempts to 
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memorize the direction and order of the turns by attaching 
verbal symbols to them. The most characteristic response 
under this method was to verbalize the number of turns in 
one direction, then the number in the opposite direction, and 
so on through the series. The visual imagery method 
involved a reported attempt on the part of the subject to 
determine the direction of the turn at each point by referring 
to a more or less complete visual image of the maze pattern. 
Under the motor method the selection of direction was 
understood to be largely in terms of the kinesthetic modality; 
a muscular control being used rather than either a verbal or 
an imaginal one. These distinctions were made as simple 
and non-technical as possible in defining the nomenclature of 
method used on the questionnaire. 

Of a total of 60 subjects taking the experiment, 46 were 
students of Columbia College, all of whom had taken or were 
taking a course in elementary psychology; I was a student 
of Barnard College; the remaining 13 included for the most 
part graduate students in psychology in Columbia University. 


THE RESULTS 


I. The Distribution of the Subjects under the Three Methods. 
—In the first column of Table I. is presented the number of 
subjects who, left entirely to themselves, in some manner 
hit upon and adopted each of the three modes of attack. 


The percentages covering the same item appear in the second 
column. 











TABLE [| 
RELATIVE Economy oF Various Mopes or ATTAcK 
Per Cent. | Trials Required to Learn 
Mode of Attack gor ronng of Total 
Number Mean Range 
Word Reaction........... 25 41.7 32.2 16-62 
We So bs cen ckaan 18 30.0 67.9 41-104 
Motor Reaction........... 17 28.3 123.9 72-195 

















It was a matter of some surprise to the writer to find that 
so small a number of the subjects should use primarily the 
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motor method, the actual number being somewhat less than 
30 per cent. of the entire group. A slightly larger percentage 
reported an attempted visualization of the pattern, while 
approximately 42 per cent. reduced the spatial situation to a 


verbal scheme of some sort and memorized the verbal series. 


It ought to be mentioned in this connection, perhaps, 
that the majority of the subjects reported the use of more 
than a single method, and that the values given in the above 
table are based upon the method primarily used. When a 
second method was reported it was definitely assigned to a 
place of lesser importance by the subject, and meant merely 
that at sometime during the learning this subsidiary mode of 
attack had been tried out but later rejected and replaced by 
the primary method. The method upon which the above 
classification is based was always, therefore, the one that 
finally brought success. While it is interesting to know that 
most of the subjects set about from the first to find short-cut 
methods of meeting the situation, those that proved to be of 
little or no aid to the subject and were on this account 
discarded by him, hardly merit separate treatment and have 
been altogether ignored in this report. 

If the comparisons presented in the first two columns of 
Table I. may be taken as typical of stylus maze learning in 
general, it is apparent that the characteristic motor reaction is 
not called out by the stylus maze situation in any but a small 
minority of individuals, and even many of these may depend 
in part upon other than motor cues. And if this be true, 
then the validity of the common practice of making direct 
comparisons between the data of stylus maze learning, on 
the one hand, and animal maze learning upon the other, may 
very properly be called in question. At any rate such a 
comparison should not involve the assumption that the mode 
of attack and the type of response are similar in the two 
cases. For it appears that the human subject as the usual 
thing utilizes short cut methods that are not included in the 
animal’s repertoire of response, such as ‘attempts to visualize,’ 
and verbalization. The animal must depend upon sensori- 
motor cues. The large percentage of subjects making use of 


as ee ee ee re <ote 


kag en DS eal ai RATE ae 


PS ROE OHS LB IEEE OD EES 





<TR 


— 
= = = 





sk Ae 











250 C. J. WARDEN 


verbalization of some sort in the present experiment suggests 
that stylus maze learning may be more a matter of arranging 
a series of words into a definite order and then fixating them, 
than of moving the arm about under motor control. 

It may be objected that the small percentage of individuals 
using the motor method in the present experiment may be in 
part a function of the particular pattern of maze employed; 
that the simplicity and uniformity of this maze would favor 
the calling out of other than,the motor type of response. 
This does not seem very probably, however, inasmuch as it 
will be shown later that the maze was not apprehended by 
the subject as being simple or uniform. In cases in which 

the maze was shown to groups after the learning, expressions 
of surprise were practically unanimous, since everyone had 
thought of it as being much more differentiated and complex 
than it actually was. 

Furthermore, this maze proved to be extremely difficult 
to learn in comparison with other stylus mazes that have 
been used by various experimenters. The average number 
of trials required to learn, when all three groups are thrown 
together is approximately 69, while the range in number of 
trials runs from 16 to 195. Less than half as many trials 
would be required on one of the more usual patterns. ‘There 
seems to be no valid reason, therefore, for not considering 
the results here obtained as typical of stylus maze learning 
in general, although it would be desirable to test out different 
and more complex patterns, using the same rigid technique 
as was here employed. 

Il. The Relative Economy of the Three Modes of Attack.— 
The data covering this point are given in the last three 
columns of Table I. The relative economy of the word 
reaction method in comparison with either of the other two 
methods is very evident. Only about $ as many trials were 
required on the average in this group as in the visual imagery 
group, and only about } as many as in the motor reaction 
group. An inspection of the range will show that there was 
no overlapping whatsoever between the word reaction group, 
on the one hand, and the motor reaction group on the other. 
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The slowest subjects of the former group made better records 
than the fastest of the latter group. The motor method 
proved to be extremely uneconomical therefore, in the case 
of every subject who depended upon it. The reasons for 
this will appear in connection with the later discussion. 

Upon purely theoretical. grounds it should be expected 
that the word reaction method of learning would be more 
economical than other and more primitive types, regardless 
of the specific nature of the problem to be solved. In the 
stylus maze situation as in other motor situations, it involves 
the substitution of fine muscle reactions of the vocal cords 
and larynx for the coarser reactions of the skeletal muscula- 
ture. At least this is true insofar as the matter of the control 
of the movement is concerned. The arm-hand set of muscles 
merely follows about the grooves in the directions indicated 
by the series of verbalizations. It is a verbal rather than an 
arm-hand muscular control. 

An example of the operation of the word reaction method 
will serve to illustrate how widely it differs from the motor 
mode of attack. One subject repeated in audible whispers 
the following word scheme in learning pattern I.: ‘right- 
forward, and left-forward, then right-forward three times, 
left-forward twice,’ and so on through the maze. Curious 
mixtures of symbols representing form, number, direction, 
and position occurred in the word schemes of some subjects. 
Thus, one subject in describing his experience in threading 
the true pathway said, ‘‘Well, I made a U-shaped turn at 
the entrance, then three turns away out to the right, then I 
found I had to drop back a couple of places,” etc. Naturally 
each subject had his own memory scheme, but all were 
essentially alike in being a series of conventional symbols, 
attached to the critical points of the pattern, which served 
to determine the direction the arm should take in following 
the groove at each point. 

Each of the 25 subjects who were included in the word 
reaction group actually reported some such verbal scheme to 
the experimenter after they had mastered the maze. In some 
cases the verbalization was explicit, in fact could be heard 
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by the experimenter during the learning process, while in 
other cases it seemed to be largely, if not wholly, implicit. 

It is clear from the above analysis that the arm operating 
the stylus, under the word reaction method, does not need to 
form a habit in terms of the kinesthetic modality, as is of 
course true when a motor attack, and hence a muscular 
control, is employed in learning. The cues that determine 
the direction of movement are verbal, and the arm-hand 
musculature, of primary importance in learning a maze by 
' the motor method, is subordinated to the relatively unim- 
portant rodle of merely following the verbal cues. 

Moreover, these verbal cues of number, direction, form, 
position, etc., are in turn pre-formed habit patterns of the 
vocal musculature, which on account of their frequent usage 
are almost as easily set off as reflexes. They do not need to 
be learned at the time, but only appropriated and arranged 
in a series corresponding to the turns in the pathway of the 
maze which they represent. The arm has.also previously 
been trained to follow these common verbal symbols of 
direction, such as ‘left,’ ‘right,’ ‘forward,’ etc., so that the 
coordination between the musculature of the vocal organs, on 
the one hand, and that of the arm-hand set on the other, 
offers small difficulty. 

The vast saving effected under the word reaction mode of 
attack seems, therefore, to lie in the fact, first, that there is a 
substitution of a pre-formed unit response pattern of the 
verbal type for the arduous task of building up at each point, 
an actual arm-hand muscle coordination pattern; and second, 
that the total serial response in the former instance, as in 
the case of other simple memory series, involves only temporal 
pattern,! whereas in the motor situation the total response is 
unified by means of a spatial pattern which must also be 
incorporated into the total movement of threading the maze. 

That the spatial pattern of the maze does actually play a 
more important rdle in the motor than in the verbal method, 
is not a matter of mere theoretical analysis, but is fully 
substantiated by certain objective data obtained in the present 


1 Op. cit. 
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difficulty of different parts of the pattern. 


very much larger for the motor group. 


TABLE I] 


In any case in which pattern might prove to 
be a small factor there should be a correspondingly small 
variation in relative difficulty between various parts of the 
pattern; one cul de sac should be entered about as often and 
eliminated at approximately the same time as another, subject 
to the operation of such laws as primacy and recency which 
do not depend upon spatial but upon serial position. 
the other hand, in cases in which the particular spatial 
configuration of the maze pattern must be reduced to move- 
ments of definite distance and direction, this emphasis upon 
pattern should be indicated in a wide variation in relative 
This variation 
should be small, therefore, for the word reaction group and 
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Number of Cul de Sac.| 1 | 2 | 3 | 4415 | 6 | 7 | 8 | 9 | 10 | Variation 
Word Reaction....... 1.0] 1.3 | 2.8] 4.5] 1.7] 2.5) 4.5) 2.4] 4.5} 1.6] 450% 
Vis. Imagery......... 3.7 | 1.0] 7.2] 9.0] 3.2] 8.0] 13.8) 1.5 | 9.8] 3.2] 1380% 
Motor Reaction...... 6.7 | 4.9 | 14.5] 20.9] 12.3] 17.3] 28.0] 1.0 | 23.7] 13.3] 2800% 






































Legend: The cul de sac entered the least number of times in each of the three 
groups is assigned the value of 1, the values for the other culs de sac of the group 


being based thereon. 


TaB.t_eE III 


RELATIVE VARIATION IN DiFFICULTY oF CUL DE Sac In TERMS OF THE 
NuMBER OF TRIALS REQUIRED TO ELIMINATE 








Number of Cul de Sac.} 1 | 2 | 3 | 415 | 617 | 8 | 9 | 10 | Variation 
Word Reaction....... 1.0] 1.0] 2.7|3.9] 1.1] 2.1 | 3.9} 1.5 |3.8]2.0] 390% 
Vis. Imagery......... 2.4]1.0]4.4|69] 1.8] 4.4] 8.0] 1.2] 5.0 | 2.3 800% 
Motor Reaction...... 3.2 | 2.4 15.9 | 9.0 | 2.7 | 4.2 | 19.7] 1.0 | 6.4 | 5.3 | 1970% 






































Legend: The cul de sac requiring the least number of trials for elimination in 
each group has been assigned the value of 1, the values for the other culs de sac of 


the group being based thereon. 


Precisely such a relation is shown by the data presented 
The values of Table II. were obtained 
by determining the ratio between the total number of en- 


in Tables II. and III. 
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trances into each of the ten culs de sac, for a group representing 
a given method, and the number of entrances into the cul 
de sac least entered by the group taken as unity. These 
ratios are, therefore, indices of variation in difficulty of various 
parts of the pattern, the range of variation for each of the 
three groups being given in percentages in the last column of 
the table. Table III. presents ratios similarly obtained, 
based upon the absolute number of trials required to eliimnate 
the various culs de sac under the three modes of attack. 

We are not concerned here with the matter of why this, 
that, and the other cul de sac differs from some other in 
difficulty, but with the most significant fact that the range of 
variation in difficulty of culs de sac 1s apparently a function of 
the mode of attack used in learning the maze. 

The range of variation in total entrances proved to be 
more than six times as great on the average when the subject 
employed the motor reaction method as when the word 
reaction method was used, the value for the visual imagery 
group standing approximately mid-way between the other 
two. The same general relationship also obtained when the 
number of trials required to learn is used as the basis of 
comparison. Since all other conditions of the experiment 
were precisely the same for each group, except the mode of 
attack voluntarily adopted, the interpretation of these differ- 
ences in variation can be made only in terms of the variable 
role played by the factor of spatial pattern under the three 
methods of mastery. This means that the factor of pattern 
is relatively inconsequential under the word reaction method 
when compared with either of the other two, and extremely 
so with respect to the motor method. And this is precisely 
what we should expect. 

This same relationship is further illustrated by a study of 
the differential behavior of subjects learning the maze by 
different modes of attack, in their attempt to make a repro- 
duction of the true pathway immediately after the last trial. 
Before the subject had shifted his bodily position, he was 
handed a pencil by the experimenter beneath the hood, and 
told to, ‘grasp the pencil as if it were the stylus, and execute 
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the movement of going correctly through the maze, on a large 
sheet of graph paper, with no grooves to guide the pencil.’ 

The sheet of paper was much larger than the maze to 
allow for any possible exaggeration in the reproduction, and 
was fastened to a heavy piece of cardboard placed directly 
on top of the maze. The only difference between this exercise 
and actually running the maze lay in the absence of grooves 
to guide the pencil, and in the absence of a flange on the 
pencil, which served as a rest for the fingers when the stylus 
was used. The same pencil was employed for all subjects, 
however, so this latter factor may be ignored. 
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Exhibit -B 


Fic. 2. 


A typical record when the word reaction method had been 
used in learning is shown as exhibit 4 of Fig. 2, while the 
motor method is characteristically represented there by 
exhibit B. Inasmuch as the visual imagery method gave no 
typical record, other than usually a mixture of the word 
reaction or motor type, when not purely of the one or the 
other type, a sample record has not been included for this 


group. 
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The dependence of the motor learner upon the ‘feel’ of 
the grooves is very apparent. When deprived of the cues 
that arise from the pathway itself, the subject is almost 
hopelessly lost. Instead of angular turns truly depicting the 
configuration of the pattern, we get only the merest waves 
in the line for all but a few turns, and these few turns, corre- 
sponding to the dominant errors in learning the maze, are 
exaggerated out of all proportion. But this is only a graphic 
representation, characteristic of the motor reaction group as 
a whole, of the fact previously developed, 1.¢., that a wide 
variation occurred in the role played by various parts of the 
pattern, when the learner depended upon simple sensori- 
motor cues. 

The parts that proved to be especially difficult, and are 
represented by the large outstanding turns in the record 
under discussion, were those places in the maze pattern at 
which the subject could not follow the one or the other wall 
of the groove further without running pell mell into a cul de 
sac. This meant that at these few points a definite avoidance 
reaction pattern involving a change of direction must be 
gradually built up in terms of the arm-hand set of muscles. 
Turns between these points tended to be ironed out in the 
record because the movement of the stylus along the edge 
of the groove was unusually rapid, with an abrupt stop at 
these critical positions. In general the greater length and 
sprawling character of the record betrays the coarse arm-hand 
muscular control. 

The record representative of the word reaction method of 
learning hardly needs analysis. The angular turns through- 
out would naturally result from the somewhat slow and 
deliberate movement in learning, in which the unit movements 
corresponding to a given symbol of the word scheme were 
more or less separated from each other by a slight pause. 
The comparative uniformity of the turns would seem to 
indicate the slight effect of spatial pattern when a word 
scheme is used, and this agrees with the fact that only a 
relatively small variation in difficulty between different parts 
of the pattern obtained with this group as was indicated also 
by the quantitative data already presented. 
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TaBie [V 


RELATION BETWEEN Mope or ATTACK AND Type or Maze 
PATTERN REPRODUCTION 











Type of Maze Pattern Reproduction 
Mode of Attack ge 
ubjects Word : 
esti Motor Mixed 
Word Reaction........... 25 20 Oo 5 
8 re 18 5 5 8 
Motor Reaction........... 17 fe) 13 4 

















In Table IV. the number of the reproductive records that 
were found to be typical of the two groups under discussion 
has been given. The classification was made on the basis of 
the number of angular turns occurring in the record, this 
seeming to represent the essential difference between the two 
types better than any other single characteristic of the 
records. Those showing a total absence of angular turns 
were classed as motor; those having 6 or more angular turns 
as word reaction; the remaining ones as mixed. 

In no case did a record of the group using the word reaction 
mode of attack classify as motor, nor a record of the group 
using the motor method classify as word reaction in type, 
although both groups showed approximately 20 per cent. of 
the mixed class. The visual imagery group on the other hand 
included an equal number ofboth types, the remaining 45 
per cent. classifying as mixed. 

Although it has been necessary to emphasize the verbal 
nature of the control in the case of the word reaction method, 
to differentiate it sharply from the motor mode of attack, 
it must not be supposed that we have meant to reduce the 
process of learning a stylus maze by the former method to 
the mere fixation of a series of words, such as would be the 
case with rote memory material. Each turn in the maze 
must be discovered by the operation of the stylus before it 
can be labelled right, or left, or forward, etc. Once a turn 
has been discovered and labelled and assigned to its position 
in the series of words, which when complete must correspond 
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to the actual configuration of the true pathway, then) it 
probably does become a matter of mere verbal memory. 

The problem of discovering consecutive directions and of 
locating definite points under the non-visual conditions im- 
posed in stylus maze learning is not such an easy task as 
might appear to the uninitiated. For example, when a false 
turn has taken the subject off the true pathway and into a 
cul de sac, it is difficult for the subject to be certain, upon 
attempting to retrace, when he has reached again the point 
at which he left the pathway at first. In the meantime the 
error may have caused the subject to forget his exact position 
in the word scheme, and hence he must continue the effort 
by repeated trials to work out a perfect word scheme. 

In learning a series of nonsense syllables or words, then, 
the exact scheme to be learned is given, whereas in the 
present case it must be discovered by typical trial and error 
methods bit by bit. The latter process evidently requires 
many more trials than the former, since a series of ten or 
twenty words could easily be fixated in a given order by six 
or eight repetitions at most, whereas the discovery and 
fixation of the maze pattern by the word reaction method 
required over thirty trials on the average. 

In this connection it ought to be pointed out, however, 
that short cut methods were perhaps not used at the beginning 
of the learning by any of the subjects. The first trial must 
necessarily call out a typical motor response. ‘This mode of 
attack was therefore favored by the fact that all depended 
upon it at first. The situation calls for hit and miss explora- 
tion at this stage of learning in getting the general form of 
the maze and the approximate location of the goal. After this 
mode of attack has proven unsuccessful in cul de sac elimina- 
tion, the subject is then more likely to try out some short 
cut device. Much effort was wasted in some cases, no doubt, 
before the word reaction method was ‘hit upon’ and success- 
fully used by the subject. If the method had been used 
from the first, by the subjects who finally came to depend 
upon it, an even greater saving over other methods would 
doubtless have been effected. 
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III. The Factor of Intra-Pattern Transfer 1n Motor Control. 
—The results already discussed indicate the relatively large 
role played by spatial pattern in learning the maze by the 
motor method. The more fundamental problem remains 
unsolved, as to the specific factors in the motor situation that 
operate to disturb and prolong the period of learning to so 
great an extent as occurred in the present instance. Doubt- 
less many factors are involved, the isolation and measurement 
of which may appear to be an almost impossible task. Such 
an analysis of the situation, however, is most necessary to an 
adequate understanding of the essential mechanism. of motor 
response. : 

In the present experiment it has been possible to isolate 
one of the very important factors operating to make the 
motor method of attack uneconomical. A differential form 
of behavior between the verbal and motor types of subject 
was observed in the actual process of mastery, and this 
difference was of such a nature as to appear in a very marked 
manner also in the detailed error records. A _ statistical 
treatment therefore became possible. 

The particular behavior observed, and which was charac- 
teristic of the motor. method of attack, consisted essentially 
in a definite carrying over absolutely unchanged of the specific 
series of movements being made at a given stage of learning, 
to a later stage where an attempt was being made, consequent 
upon the dropping out of some cul de sac, to make a re- 
adjustment in the pattern of the motor response. This 
carrying over of the response pattern from an earlier to a 
later stage of mastery of the maze is obviously, a special case 
of transfer of training, but it is transfer within a single complex 
integration rather than between various mazes, or other 
problems, learned at different times and under different 
conditions. It has seemed to the writer that this carrying 
Over of parts of the reaction pattern from one stage of a 
developing habit to another, no previous description of which 
appears to have been reported in the literature in connection 


with the stylus maze or other forms of human moior situa- 
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tions,! might very properly be termed intra-habit, or intra- 
pattern transfer. Whether this transfer be positive or negative 
would seem to depend upon the specific arrangement of culs 
de sac in the maze employed. All the cases that have been 
checked in the present instance proved to be negative in 
character, and the term intra-pattern interference has been 
used interchangeably with that of intra-pattern negative 
transfer throughout the later discussion. 

This particular type of obstruction in motor habit forma- 
tion occurred especially frequently in the two following 
instances: First, when the maze was so placed that culs de 
sac 2, 3, 4, 7, and 10 were located opposite the hand operating 
the stylus, and all culs de sac excepting numbers 3, 4 and 7, 
or 3, 4, 7, and 10 had been successfully eliminated by the subject, 
the sudden avoidance of either number 3 or number 4 caused 
number 6 to be consistently entered although it had been 
previously eliminated. A slight variation sometimes occurred 
in that the stylus was moved to the entrance of number 6, 
whereupon the direction would be reversed and number 5 
entered with a quick backstroke movement. Second, when 
the position of the maze was such that culs de sac I, 5, 6, 8, 
and g were located opposite the hand operating the stylus, 
and all culs de sac excepting numbers 3, 4, 6, and g had 
been eliminated, a similar avoidance of either number 3 or 
number 4 also caused number 5 to be entered in a manner 
similar to that above indicated, while the avoidance of number 
6 led to the entering of number 7, which had been previously 
eliminated, also by a backstroke retracing movement. 

The specific nature of the mechanism of movement 
involved in these two examples of intra-pattern interference 
has been indicated in Table V. The principle applying in 
both cases is the same. The movement made in avoiding 
culs de sac 3 or 4 or 6 is merely interpolated between two 
unit movements of the old reaction pattern and the latter 
series of turns is then unwound with mechanical exactitude 


1 Prof. H. A. Carr has observed a highly similar or identical type of reaction in 
the case of the white rat, in the maze. See his article ‘The Distribution and Elimi- 
nation of Errors in the Maze,’ Jour. Animal Behav., 1917, VII., 145-159. 
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TABLE V 


Two Examp.Les SHOWING THE OPERATION OF INTRA-PATTERN NEGATIVE 
TRANSFER IN DETAIL 








Unit Movements of Reaction Serial Unit Movements of Reaction 
Pattern in Old Situation Order Pattern in New Situation 
Right—along true-pathway to cul. 3 I Right—along true-pathway to cul. 3 


*Right—along true-pathway to cul. 4 
Left—into cul de sac 4 
Right—out of cul de sac 4 
Right—along true-pathway to cul. 5 
Left—along true-pathway to cul. 6 
Right—into cul de sac 6 


Left—into cul de sac 3 

Right—out of cul de sac 3 
Right—along true-pathway to cul. 4 
Left—into cul de sac 4 

Right—out of cul de sac 4 


Qn & wb 











Examp te II 





Left—along true-pathway to cul. 6 I Left—along true-pathway to cul. 6 

*Left—along true-pathway to cul. 7 
Right—along true-pathway to cul. 8 
Left—retracing pathway to cul. 7 
Left—backstroke into cul. 7 


Right—into cul de sac 6 
Left—out of cul de sac 6 
Left—along true-pathway to cul. 7 








> Nw 





Legend: The movement preceded by a star in each example is the interpolated 
avoiding movement. Aside from this movement the two series are alike so far as 
direction of turning each time is concerned. But on account of this added movement, 
the transfer of the series of turns from the old to the new situation causes number 6 
to be entered in example I, and number 7 in example II. 


just as if this new movement, so interpolated, had not been 
made atall. But the new avoiding movement has necessarily 
changed the locus from which the series of movements of 
the old pattern which follow it begins to unwind. On account 
of the failure to make allowance for this change in position, 
the automatic reeling off of the unit movements of the total 
response pattern of the moment causes each of those move- 
ments which follow the interpolated avoiding movement, to 
come within a different section of the maze than before, and 
the entering of certain culs de sac further down the pathway 
is the inevitable result. 

For example, the subject starts out from the maze entrance 
going through a series of right and left turns which represent 
the reaction pattern at that stage of mastery. But instead 
of turning into cul de sac number 3 as usual, he hesitates, 
then goes the opposite direction along the true pathway to a 
position at the entrance of cul de sac 4. Then, utterly heed- 
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less of the fact that he is now at number 4 instead of number 3, 
he begins to reel off the old reaction pattern that he had 
dropped a moment before at number 3. The series of turns 
from cul de sac 3 in his muscular habit runs Left, Right, 
Right, Left, as can be seen by referring to the first column. 
of Table V. From his changed position at number 4, how- 
ever, such a series of turns leads directly into cul de sac 
number 6, as will appear from the second column of the 
same table. 

The backstroke movement into number 5 which sometimes 
occurred instead of the usual entry into number 6, under the 
above conditions, may be explained as follows: the movement 
leading up to the entrance of number 6 (see second column 
of Table V.) would correspond to the movement into number 
4 in trials previous to the interpolation of the avoiding 
movement; but the movement into number 4 (or any other 
cul de sac for that matter) comes in the later trials to include 
only partial entry followed by a reversal of direction; the 
same type of movement in approaching number 6 would 
mean that this cul de sac would not be quite reached, a 
reversal of direction naturally leading to the backstroke 
retracing movement into number 5 as often occurred. The 
transfer is just as fixed and definite in this case as when 
number 6 is actually entered. 

The other instance mentioned in which the avoidance of 
number 6 involved the automatic entry of number 7 can be 
explained on the same basis, as well as still other cases which 
occurred less frequently. ‘The culs de sac’ which were 
reéntered under this condition often proved difficult to re- 
eliminate. For, the fixation of the interpolated movement 
which meant the successful elimination of one cul de sac 
usually meant repeated entry into the one newly reacquired. 
In several instances the latter appeared consistently in the 
error record of a subject for as many as 50 or more trials. 
In other cases the reéntered cul de sac was reéliminated after 
only a few trials, although this was by no means the rule. 

An examination of the records, which were kept in such 
detail as to show the direction and extent of every movement 
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made within the maze by each subject during the entire 
period of mastery, shows very clearly that intra-pattern 
interference is limited almost entirely to the latter half of 
the learning process. It occurs usually in connection with 
the elimination of the more difficult culs de sac that have 
become relatively fixed in the response pattern. Thus 
numbers 3.and 4 and 6 were among the hardest to eliminate 
in the maze here used, and one or another of them was also 
involved in this interference phenomenon in the case of every 
subject of the motor group. 

This interference was noticeably present in the case of 
only one subject of the word reaction group, the one requiring 
62 trials to learn, and therefore making the most uneconomical 
record of this group, and in this case the motor method had 
been used as a secondary method. It was indicated in the 
error records of every member of the motor reaction group, 
and usually to a very marked extent especially where a large 
number of trials had been required to learn, where it operated 
no doubt as a causal factor in prolonging the period of 
mastery. While its influence was manifested to some extent 
in the records of approximately two thirds of the subjects 
comprising the visual imagery group, its presence appeared 
to decrease consistently with a decrease in the number of 
trials needed to master the maze. The exact data covering 
its occurrence are given in Table VI. 


TaBie VI 


RELATION BETWEEN MopeE or ATTACK AND THE OCCURRENCE OF INTRA-HABIT 
NEGATIVE TRANSFER 


Mode of Attack Transfer Present Transfer Absent 
I cic ccntadeuecsecascecces I 24 
eta ins cee ee haeeeieeevnes 13 5 
PES TITET POTEET TT OL OTT 17 fe) 


The results show that the amount of intra-pattern transfer 
increased consistently with the number of trials required to 
learn the maze. Since the transfer was negative so far as 
observed in the present instance, it might be assumed that it 
was altogether causal in its relation to the slow rate of learning 
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obtaining in cases in which it occurred. However, such can 
hardly be the case. The fact seems to be that there must 
first be a slow learning over a period of time; a fairly firm 
fixation of a definite response pattern, which must include a 
few persistent errors, must be developed in the motor organ- 
ization, or else there will be nothing definite enough to transfer. 

In case a problem can be mastered in a few trials, whether 
a very simple one by the motor method, or a more complex 
one by a short cut method, this transfer factor could hardly 
be consequential. In such cases the correct series of move- 
ments are successfully integrated before any definite erroneous 
patterns are developed and fixated. The correct serial 
movement arises directly and immediately out of the milieu 
of random movements, none of the errors being persistent. 
In brief, the first pattern to be fixated is the correct one and 
nothing is required to be unlearned. 

It is only when the problem is too difficult, or the mode 
of mastery too slow to be thus effective; when certain per- 
sistent errors become fixated in the general response pattern 
by frequent repetition; when, therefore, there is a definite 
motor organization of the arm-hand musculature to be carried 
over, that the interference of the type here described can 
take place to any appreciable extent. 

In this sense, therefore, the interference is dependent 
upon, and not the cause of, the long period of mastery or the 
slow rate of learning. ‘This is clearly shown by the fact that 
the interference occurred only in the case of relatively slow 
learners, and then after random movements had given place 
to an oft-repeated serial movement in traversing the maze, 
in the middle and later stages of the process, in which the 
elimination of persistent culs de sac constituted the main 
problem. After this latter stage had been reached, however, 
the interference factor must have played an important part 
in further prolonging the period of mastery, inasmuch as in 
many cases the reéntered culs de sac became again fixed and 
were often difficult to eliminate. 

From the present incomplete analysis, there seems to be 
two outstanding factors that are mutually codperative in 
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lowering the economy of motor control in the stylus maze 
situation. First, the natural tendency of the subject under 
this method to follow the wall of the groove opposite the hand ! 
leads to the early elimination of all culs de sac excepting 
those few into which this practice must cause him to enter 
pell mell. By the same token, these latter culs de sac are 
emphasized by frequent entry, and become fixated in the 
reaction pattern also relatively early in the learning process. 
This dominancy of a few culs de sac is clearly shown by the 
extreme variation in difficulty among them under the motor 
method, in comparison with the other two modes of attack, 
as has been pointed out in the discussion of Tables II. and III. 


The graphic records of Fig. 2 also offer corroborative evidence - 


on this point. 

Second, such an early formation of a definite reaction 
pattern, from which it would be relatively difficult for the 
subject to break away, is precisely the best possible condition 
for the operation of the factor of intra-pattern transfer. The 
reaction pattern, including consistent entry into these few 
dominant culs de sac, has become more or less automatized 
under the control of the arm-hand set of muscles. A new 
movement suddenly made in avoiding one of these culs de 
sac does not at first break up the old pattern; it is merely 
interpolated, the old series of turns—the old rhythm of move- 
ments—being gone through with exactly as before. The 
inevitable result of thus carrying over the reaction pattern 
of an earlier to a later stage of learning, in the case of the 
maze here employed, was pell mell reentry into certain other 
culs de sac further along the pathway. 

The word reaction mode of attack, on the other hand, 
does not involve the tendency, so prominent in the motor 
method, of following the grooves in the same mechanical 
manner trial after trial with the consequent emphasis upon, 
and fixation of, a certain few culs de sac. ‘There is no arm- 
hand habit to carry over and hence there could not well be 
transfer of the sort here described. In fact, the maze is 
mastered in so few trials that there is small chance for any 


1 Op. cit. 
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particular error to become unduly fixated, and without the 
reaction pattern at any given stage becoming set. 

The transfer seems to be much more definite and automatic 
in the stylus maze than in the animal maze situation. Carr! 
observed a tendency for the white rat to fixate a new cul de 
sac in eliminating an old one in much the same manner as we 
have here described. He states, however, that in the case 
of the animal the fixation of the new one, consequent upon the 
elimination of the old one, was preceded by ‘indecision and 
alternation for a short period’ followed by sudden fixation. 
No such indecision occurred in the behavior of the human 
subject in the stylus maze situation. On the contrary, the 
very first time the avoiding movement was interpolated in 
the attempt to eliminate a dominant fixed cul de sac, the 
corresponding new cul de sac was entered pell mell. 

The subjects often expressed surprise upon finding them- 
selves thus thrown automatically into a cul de sac and some- 
times even insinuated that they thought the experimenter 
had changed the pattern, by throwing in an extra cul de sac 
at this point to trick them. In turning into the new cul de 
sac the subject evidently thought he was turning into that 
section of the true pathway into which this turn naturally 
led before the avoiding movement was interpolated. No 
doubt the less automatic behavior of the animal, in the 
instance above mentioned, was due to curiosity and other 
such factors which might well operate to cause indecision and 
delay in the case of the animal, but which would be practically 
excluded from the stylus maze situation where all visual cues 
are ruled out. 

It may be noted in passing that intra-pattern transfer 
might be an aid rather than a hindrance in cul de sac elimina- 
tion under certain conditions. A maze could doubtless be 
constructed with the culs de sac so arranged that the inter- 
polation of a movement in avoiding a given cul de sac would 
lead automatically to the avoidance of a second one also, 
located further along in the maze pattern, instead of leading 
directly to the entering of a new one as happened to be the 


1 Op. cit., Carr. 
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case in the maze here employed. Whether the transfer is 
positive or negative in character, or whether or not it will 
be present at all depends primarily upon the specific arrange- 
ment of culs de sac, and especially of those which come to 
be most persistently entered. In general this phenomenon of 
transfer emphasizes the intimate relation between the indi- 
vidual movements and the total series in the integration of 
a complex motor habit. 

IV. An Analysis of the So-called Visual Imagery Control.— 
At every point we have observed a marked contrast between 
the word reaction and motor methods of learning. The 
specific behavior of the subjects in attacking the problem; 
the relative variability of culs de sac at various parts of the 
maze pattern; the presence or absence of intra-pattern inter- 
ference; the character of the reproduction graphs—in all 
these comparisons the two methods have been found to be 
characteristically different. The visual imagery method, on 
the other hand, seems to offer no typical differentia by which 
to set this mode of control over against the other two methods. 
It seems to call out no uniform type of behavior. - 

An examination of the quantitative data for this group 
shows it to be an intermediate and overlapping one through- 
out. Some of the individual records are like those of the 
word reaction group and others like those of the motor group, 
while the remainder are of a mixed type. In spite of the 
fact that the subjects reported that they learned primarily 
by following a mental image of the maze, one can hardly 
forbear raising the question as to the validity of this report 
because of internal evidence in the data indicating the wide 
use of the other two methods by these same subjects. 

For example, of the 18 subjects of this group, 5 gave a 
typical motor, 5 a typical word reaction, and the remaining 8 
a mixed type of reproduction graph after learning. But we 
have already shown that the motor type of record (exhibit B, 
Fig. 2) is occasioned by the characteristic motor response of 
dragging one wall of the groove thereby causing certain culs 
de sac to be automatically avoided, and certain others to be 
entered pell mell. Must we cast aside this objective evidence 
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that most of the members of this group used the motor mode 
of attack to a large extent? Or shall we suppose that they 
by merely dragging the edges of their :maginal pattern were 
able to produce this apparent arm-hand motor result? Under 
the hypothesis of imaginal control how shall we account for 
the 5 pure word reaction records? Are we to suppose that 
imaginal control operates now as if it were a motor control 
and again as if it were a word reaction control? 

When we examine the records of this group for intra- 
pattern interference we find a similar lack of uniformity. It 
is present in approximately 2/3 of the cases and wholly absent 
in the remainder. But we have shown this phenomenon to 
be a definite transfer of a fixed set of arm-hand muscular 
movements from an early to a later stage of mastery. Here 
again is objective evidence of more or less motor control in 
spite of a report that imagery was used primarily. And 
again a minority of the group register pure word reaction 
type in that this interference factor is entirely absent. The 
same emphasis upon certain culs de sac that become persistent; 
the carrying over of the arm-hand motor habit illustrated in 
Table V. as occurring in connection with the motor method— 
in fact if we were classifying the members of this group on 
the basis of their objective records alone 2/3 of them would 
be included in the motor group and the remainder in the word 
reaction group. | 

The results become entirely intelligible if we suppose the 
visual imagery group to be made up of some who employed 
primarily the word reaction method, others who used mainly 
the motor method and a remainder who used both methods 
in conjunction in mastering different parts of the maze pattern. 
The evidence is clear that these methods were used to some 
extent at any rate, although the possibility that a visual 
imagery control may also have been operating is not, of 
course, ruled out. Perhaps we may at least say that if 
imagery was relied upon it could not have been a factor of 
much consequence since it did not occasion a typical response 
for this group, being largely overridden by word reaction and 
motor factors which were simultaneously operating. 
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Such an interpretation of the data, which is offered merely 
as suggestive, may seem somewhat arbitrary in view of the 
fact that 30 per cent. of the total number of subjects used 
reported primarily a visual control. However, it must be 
remembered that these subjects were unable to give any 
specific reactions growing out of the use of the image. After 
stating that they had relied upon imagery primarily, they 
began forthwith to describe the methods which they had 
checked as secondary on the questionnaire, when the experi- 
menter was trying to find out precisely how they made use 
of the image. For in no case did any subject of this group 
even claim to have depended entirely upon visual imagery, 
and in a few cases both the other methods had been checked 
by the subject as secondary. 

It is highly significant also, from this point of view, that 
the speedy learners of this group gave usually the word reac- 
tion method as secondary, while those requiring a large 
number of trials checked the motor as secondary. These 
subjects, moreover, had no trouble in describing the secondary 
methods used, although unable to give any adequate account 
of the modus operandi of the visual imagery control which 
they claimed to employ in the main. In this connection it 
ought to be remembered that the subject did not have a 
visual experience of the maze previous to learning it, and 
hence any visual imagery of the maze would involve a transla- 
tion of tactual and kinesthetic experience over into the 
visual modality. 

Since every member of the visual imagery group checked 
either word reaction or motor methods as secondary modes of 
attack, and could give no account of the operation of the 
visual imagery mode in the learning process, it is just possible 
that the former rather than the latter may have been the 
all important factor. The question of the sincerity of the 
subjects in reporting imagery, or that concerning whether or 
not the subjects of this group had certain experiences during 
the learning process which they designated as visual images, 
is entirely irrelevant so far as the present discussion is con- 

cerned. We are here attempting to analyze the various 
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types of response that may occur in a stylus maze situation, 
in order to determine the specific mechanism involved in each 
type, and are not concerned with the subjective experience 
of the subject. 

It is also possible that ocular movements, rhythmic move- 
ments of the head, foot, or other member of the body, in- 
cluding the diaphragm, may have served as cues in learning. § 
It may be that some of those reporting visual imagery merely / 
meant that they were thinking of the spatial pattern of the / 
maze, which suggests implicit word reactions and not neces- 
sarily images. An eye muscle control, involving a rhythmic 
adjustment of the ocular muscles, may have been confused 
by others with visual imagery. Such a control, as well as 
those based upon rhythmic movements of various parts of 
the body, might conceivably give a result somewhat similar 
to the more usual arm-hand motor control. The operation of 
factors such as these in some cases, and of word reaction and 
motor factors in other cases, suggest at least a possible ex- 
planation for the mixed character of the so-called visual 
imagery group. 

It is clearly evident that the subjects composing this 
group did not all use the same mode of attack, inasmuch as 
the type of response indicated in the objective data proved 
to be quite opposite in character in many cases as we have 
seen. Only a part of the group could possibly be included, 
therefore, under the term visual imagery control, and since 
this latter was indescribable by the subjects themselves, and 
did not show itself in a definite type of response objectively, 
no clear case of its actual occurrence at all can be made out. 
While the possibility of a visual imagery factor in controlling 
the direction of movement at various points in the maze is 
not excluded by the data, the latter strongly suggests that 
all responses made in the stylus maze situation are either 
verbalizations, arm-hand motor adjustments, or perhaps 
ocular altitudes and rhythmic movements of some member 
of the body. 

V. Comparison Between Learning Record on the Maze and 
Intelligence Test Scores.—Of the total of 60 subjects used in 
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the present experiment, 40 were students in Columbia College 
for whom it was possible to obtain the scores made on the 
Thorndike Intelligence Examination regularly given to fresh- 
men. The Army Alpha intelligence test was also given to 
this same group of men. A correlation between speed in 
mastering the maze, in terms of the number of trials required, 
and both the Alpha and Thorndike test scores was thus made 
possible. 

These two correlations, together with a third between the 
Alpha and Thorndike test scores themselves of the same 
group, are presented in Table VII. The latter correlation 
is quite high but is of no special interest in this connection. 
That between the Alpha and maze scores is also fairly high 
and the probable error relatively small. In the case of upper 
classmen the Thorndike Examination had been taken two 
or three years previously and these old scores were necessarily 
used. In a few cases at least it appeared very doubtful 
whether these old scores represented adequately the present 
performance ability of the subject. Notwithstanding this 
fact, a significant positive correlation was found between the 
maze and Thorndike test scores. 


TaBLe VII 


CoRRELATION BETWEEN SPEED IN LEARNING THE MAZE AND INTELLIGENCE SCORES 





Number of Subjects | Maze-Alpha |P.E.] Maze-Thorndike} P.E.|Alpha-Thorndike|P.E. 





40 37 .O9I 30 .097 59 .068 























These same 40 subjects were classified into three groups 
according to the mode of attack employed in learning the 
maze, and the average scores for each group in maze-learning 
and in the Alpha and Thorndike tests were computed. These 
group scores are given in Table VIII. There is a difference 
of more than II per cent. in both the Alpha and Thorndike 
score between the word reaction group on the one hand and 
the motor group on the other, in favor of the former group. 
The visual imagery group stands as usual about midway 
between the other two. 
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TaBieE VIII 
RELATION Between Mope or AtTrack AND INTELLIGENCE ScorE RANK 
Number of | _ Trials to Alpha Thorndike 
Mode of Attack Subjects | Learn Maze Score Score 
Word Reaction........... 18 32.2 182.0 89.0 
Visual Imagery........... 12 67.9 170.0 86.7 
Motor Reaction........... 10 128.1 164.0 79.4 

















While the range of difference between the groups may 
seem to be small in terms of Alpha and Thorndike scores, it 
must be remembered that we are dealing with a select as- 
semblage of individuals throughout, and consequently the 
range of variability in either set of intelligence test scores 
would naturally be relatively small. In fact the highest 
Alpha score made by any of the 40 subjects was only 14 per 
cent. higher than the lowest score of the group, while the 
highest Thorndike score was but Ig per cent. higher than the 
lowest. In view of these figures it seems quite significant 
that the average score, either Alpha or Thorndike, made by 
the word reaction group is over II per cent. higher than the 
average score, in either case, of the motor reaction group. 
It indicates that there is a marked tendency for those subjects 
making a high Alpha or Thorndike score to also ‘hit upon’ 
the word reaction method as a short cut in learning the maze. 
A low score, on the other hand, evidently means a greater 
likelihood that the subject will fail to make a short cut ad- 
justment in mastering the situation, following the line of 
least resistance by sticking to the more primitive and wasteful 
motor method throughout. Perhaps we should expect that 
those who rank high in a test of the language type, such as 
the Alpha and Thorndike tests, should also be more likely 
to hit upon and utilize the same mechanism of verbalization 
in other situations such as the maze, since both would depend 
largely upon the strength and facility of the laryngeal habits 
of the individual. 

From the purely theoretical point of view, a motor situa- 
tion such as the stylus maze offers much that is ideal in the 
way of an intelligence test, if intelligence be defined func- 
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tionally as the capacity of the organism to make speedy and 
adequate adjustments to new situations. The repertoire of 
types of response seems to include the entire range from 
verbalization on the one hand to gross motor on the other, 
whereas the ordinary intelligence test is limited almost entirely 
to the language mechanism, and hence measures a smaller 
cross section of one’s performance ability at a given moment. 
This difference in the range of types of response evoked is 
reflected very markedly in the range of individual variation 
which obtains between maze scores on the one hand and the 
intelligence test scores on the other. Thus, within this group 
of 40 subjects, the number of trials required to learn ranged 
from 16 to 195 trials. The individual ranking lowest required 
12.2 times as many trials as the one ranking highest. But 
we have noticed that the difference between the highest and 
lowest Alpha score of the same group was only 0.14, and that 
between the lowest and highest Thorndike score was only 0.19. 
The ability of a test to evoke a wide differential of response 
in the individual, and therefore between various individuals 
of a group, is a matter of great importance if the indices 
obtained from its use are to indicate significant differences 
between the individuals measured. Evidently the stylus 
maze fulfills this condition much better than the usual in- 
telligence test, although this comparison must not be inter- 
preted as an attempt to supplant the latter by the former. 


SUMMARY OF RESULTS 


1. In learning the stylus maze under the rigid technique 
here employed, less than 30 per cent. reported the typical 
motor mode of attack, while more than 40 per cent. depended 
primarily upon either explicit or implicit verbalization. 

2. The word reaction method proved to be by far the 
most economical employed, requiring on the average less than 
1/4 as many trials for complete mastery as the motor reaction 
method, and approximately 1/2 as many trials as the so- 
called visual imagery method. — 

3. The tendency under motor control is to drag one wall 
of the groove until a cul de sac is entered, the few culs de sac 
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so located as to be frequently entered in this manner becoming 
extremely difficult to eliminate in comparison with the other 
culs de sac of the maze. ‘This is indicated by the extreme 
variation in difficulty between culs de sac located at various 
points in the pattern, in the case of the motor reaction group, 
in comparison with the slight variation which characterized 
the word reaction group. 

4. A second factor operating in motor control to disturb 
and prolong the learning process was the wide occurrence of 
the negative form of what has been termed intra-pattern or 
intra-habit transfer. It involves the carrying over intact of a 
relatively fixed reaction pattern from an earlier toa later 
stage of mastery, and is associated with the elimination of 
such dominant culs de sac as have become fixated under the 
conditions enumerated in the preceding paragraph. 

5. In attempting to reproduce, without vision, the pattern 
of the true pathway after having mastered the maze, two 
sharply contrasting types of records were produced, as indi- 
cated in exhibits 4 and B of Fig. 2. The word reaction type 
is characterized by general proportion and neatness and by 
angularity of turns, the motor reaction type, on the other 
hand, by a disproportionate sprawling general pattern, and 
absence of angular turns. 

6. No typical form of response, either in learning the 
maze or in the graphic reproduction of the pathway, occurred 
in the case of the group reporting a visual imagery control. 
Internal evidence in the data suggest the possibility that this 
group was composed of some who used the word reaction 
method, others who used the motor method, and a remainder 
who may have used both methods in conjunction at different 
parts of the maze pattern. Ocular attitudes and rhythmic 
movements of the head, foot, diaphragm or other parts of the 
body may also have served as short cut methods in some 
cases. 

7. Asignificant positive correlation was found between the 


maze learning records of 40 subjects and their Alpha and 


Thorndike test scores. Furthermore, the average score for 
the word reaction group, in the case of both the Alpha and 
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the Thorndike test, was over 11 per cent. higher than that 
of the motor reaction group. This indicates that those 
scoring high in these tests are also those most likely to ‘hit 
upon’ a short cut method in mastering the stylus maze situa- 
tion. The correlation between maze score and intelligence ’1/ 


test scores is apparently a function of the mode of attack 
employed in learning the maze. 











STUDIES RELATING TO THE PROBLEM OF 
BINOCULAR SUMMATION 


BY DONALD A. LAIRD 


I. INTRODUCTION 


The semi-decussation of fibers in the retino-cerebral path- 
ways of man has important implications for psychological 
theory. When both eyes are stimulated simultaneously under 
the neural conditions prevailing in a semi-decussation there 
is a double stimulation of each hemisphere. One would be 
led to expect differences in the responses to equal binocular 
and monocular stimuli under such conditions. 


II. Historica 


An increase in the intensity of binocular over monocular 
sensations has been reported by Fechner (6), Helmholtz (7), 
Valerius (16), and Houston (9). Fechner and Helmholtz 
merely report that a binocularly viewed surface appears 
brighter than the same surface viewed monocularly. Valerius 
states that the difference in brightness amounts to about 1/15 
of the original monocular sensation. Houston accepts as 
unequivocally established the binocular summation of stimuli 
and attributes it to the luminosity features, due to a single 
photochemical process. 

Aubert (3) is convinced of the existence of binocular 
summation but hastens to add that it quite likely does not 
occur in an amount to be noticeable with illumination greater 
than that of white paper in daylight. Piper (13) also modified 
the statement of his experiments to indicate that summation 
is noticeable only with dim illumination. McDougall (12) 
and Roelofs and Zeeman (14) also report a failure to find 
evidences of summation in bright illumination. Lohman | 
found a binocular summation of threshold stimuli when 
taking descending measures (10). In discriminating bright- 
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nesses Dawson found the threshold for grey was increased by 
about half when only one eye was used (5s). 

In contrast with these Hering (8) reports he is unable to 
find any difference between binocular and monocular stimuli. 
Sherrington (15) makes a similar report for brightness while 
Cobb (4) found no evidence of summation in form discrimi- 
nation. 

The most recent work is that of Allen (1, 2). He found 
that the critical flicker frequency of one eye varied with the 
stimulation of the unused eye. This reflex effect, as Allen 
terms it, varied in magnitude with the colors used to fatigue 
the unused eye. Thus when the left eyé was continuously 
stimulated by violet the critical flicker frequency of the 
right eye was different from the same threshold when the 
left eye was stimulated with another wave-length. 


III. ExperRIMENTAL 


Stimulus Carrier.—This comprised a light-proof com- 
partment 6.5 cm. high, 13.0 cm. wide, and 10.0 cm. long. 
It is shown in Fig. 1. It was divided into two compartments 
by a removable partition fitting into grooves (g*). The 
bridge of the subject’s nose rested in the notch at (n). Two 
sliding cards (eyepiece cards, es) provided with I mm. openings 
(p) as artificial pupils were used to limit the range of vision. 
At the opposite end of the stimulus carrier are located two 
other adjustable cards, the objective slides (os). A shelf (s) 
is also provided at this end of the carrier for supporting the 
color stimuli. All of the slides were provided with reference 
marks (r) by aid of which the positions could be kept constant 
by reference to the meter scales (ms). The wood box and 
the slides were finished in a dead black. 

Stimuli or Objective Slides.—These were pierced with a pin 
at their vertical center. In addition to this pinhole larger 
circular openings were cut with a punch; these were the 
Openings through which the light stimuli were admitted. 
Their diameter was 4 mm.; their farthest point from the pin- 


hole was 7 mm., bringing their image within the macula of 
the average eye. 
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Three of these objective slides were prepared as shown in 
Fig. 2. Slide B was used in all phases of the experiment. 
In determining the sensitivity thresholds the partition was 
removed, the pinhole of objective B was brought to the 
center of the large compartment, and the eyepieces adjusted 
so that both eyes could see the two large discs balanced to the 

















Fic. 1. The stimulus carrier 


right and left of the pinhole in the objective. This was the 
arrangement in determining the binocular sensitivity thresh- 
old. In obtaining the sensitivity threshold for the left eye the 
eyepiece in front of the right was moved slightly so that the 
artificial pupil was out of the line of regard. In obtaining 
the sensitivity threshold for the right eye the artificial pupil 
in front of the left was moved out of line. 

In the first determinations of the RL only one of the 
objective openings was covered with the color slide. Later 
data were obtained by having an objective with only one 
opening for these same determinations. 
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In obtaining the threshold of discrimination one window 
of objective B was covered with a slide of known color value 
and the color slides over the other window varied until the 
two openings were pronounced equal. 
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Fic. 2. The objective slides 


In the second series of experiments two objective cards 
were used. Objective B was always used, and in the right 
compartment, the partition being reinserted. 

Fig. 3 shows the optics of the combination of slide B and 
A. The heavy solid lines represent the inner walls of the 
stimulus carrier in longitudinal section. At the observer’s 
end of the carrier the artificial pupils are represented by 
breaks in the lines. The lines which pass through these 


Openings represent the course of light from the objectives to 
the retine. 
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The light from the pinholes in the objectives falls on the 
fovee. The rays from windows band b” fall on corresponding 
points of the two retinz, while the rays from opening a are 
used as the standard or master stimulus value. What the 
observer sees when the proper juxtaposition of the retinal 
images has been secured by manipulating the slides in their 
grooves is shown in Fig. 4. The appearance is of two discs, 
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Fic. 3 


the one to the right, however, is a fusion of the stimulation of 
the separate retina. 

A color slide of, say, 20 color units (c.u.) is placed over 
window a. Smallerc.u. are placed over windows b and b” and 
shifted until the binocular image (that to the right) appears 
equal to the monocular image. 

In the arrangement of objectives just described the left 
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eye is stimulated upon receptors that are not supposed to 
cross. This will be termed temporal stimulation. When 
objectives B and C are used in combination the summating 
image falls upon the crossed fibers of the left eye, or what 
will be termed nasal summation. In the latter instance the 
master monocular stimulus to be matched is placed over 
window b. 

A screen of white cardboard was erected around the 
carrier so that the subjects’ vision of what was happening at 
the objective slides was cut off. 


O:O 


Fic. 4 


The stimuli.—The Lovibond tintometer color slides were 
used (11). Spectroscopic stimuli would have been preferable 
but the color slides were readily accessible and are calibrated 
in visual units. This latter characteristic makes it possible 
to say whether or not the retino-cerebral mechanism sum- 
mates visual units. 

The stimuli were illuminated by light from a small stere- 
optican reflected from white cardboard 50 cm. from the 
stimulus carrier. All observations were carried out in a light 
proof room. 

Retinal Adaptation.—The subjects spent ten minutes in a 
constant position in the experimental room as a preéxposure 
interval. In the photopic observations the subject placed 
his eyes in position in front of the artificial pupils and retained 
this position for five additional minutes before readings were 
commenced. 

In the scotopic observations after ten minutes of the pre- 
exposure interval had elapsed the subject’s head and eyes 
were covered with a black felt hood. After ten more minutes 
under this hood and with the hood still in position he was 
placed in front of the artificial pupils and the open end of 
the hood fastened around the stimulus carrier by rubber 
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bands. Observations began immediately. For these obser- 
vations the surface of the eyepiece next to the observer was 
covered with the No. 48 of the Hering greys. 


ITV. PreEsENTATION oF DaTa 
1. (a) Sensitivity. 
It is quite apparent from Table I. that there is a keenness 
in binocular photopic vision that is not reached by monocular 
vision under the same conditions. A measure of this in- 


creased binocular sensitivity may be had by computing the 
per cent. of reduction in the stimulus by the following formula: 
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P. ct. reduction = 100 








TABLE I 


THRESHOLDS FOR SENSITIVITY TO RED; Puotopic VISION 
(In Lovibond Color Units) 








Subject Left Right Binocular 
tre Sere 20 20 16 
arr 016 O14 O13 
eee Saar 67 71 39 
 _ aaa 016 O17 013 
 * eeereer, Sree 45 40 35 
errr r .029 .020 O18 
ee Sere SI 57 40 
ae 026 031 027 
_ errr i selene 73 78 47 
Pee 032 037 029 
| eer rere 32 38 24 
ea 024 038 023 
rr er 80 87 53 
i ee .028 023 .036 
| eee. a a akaween 41 37 31 
err 025 025 035 
errr Seer 82 71 53 
ers 030 029 O21 














The use of this formula with the data of Table I. gives an 
average per cent. of reduction of 31.3, S.D. 7.4. The per 
cent. of reduction ranges from 20.0 to 43.5. If summation 
existed unimpaired the per cent. reduction would be 50; of 
the data obtained only one approaches this with a reduction 
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of 43.5 percent. The present data can be looked upon only 
as giving a remote approximation to summation. 


TABLE II 


THRESHOLDS FOR SENSITIVITY TO RED; Scortopic Vision 
(In Lovibond Color Units) 








Subject Left Right Binocular 
6 rer See 19 19 18 
rer O21 OIL .O14 
ff errr Ts Serer 45 .50 35 
| errr .013 018 013 
2 eee rere 31 .28 .21 
re 033. 022 .020 
ne 40 41 36 
SE 025 022 027 
, i Perr ere 6 61 42 
ee 028 O31 022 
. eer Sere 26 25 22 
ee 026 023 O21 
pt errr ae 61 63 42 
a ee 027 027 023 
SS eres 32 31 25 
Se 035 026 024 
[atrnbeeteaen re 7 50 40 
ee 039 022 030 














In Table II. the corresponding thresholds in the case of 
scotopic vision are given. ‘The average per cent. reduction of 
these is 21.1, with a standard deviation of 9.3. Summation is 
approximated in these data even less than under light adapted 
vision. 

(b) Discrimination 


Table III. gives these data for photopic vision, Table IV. 


for scotopic vision. The binocular reduction of the former | 


averages 23.5, S.D. 11.2 per cent.; the latter has an average 
reduction of 28.0, $8.D. 16.9 per cent. Summation is again 
approximated only very loosely. 


(c) Discussion 


The failure of these data to demonstrate summation does 
not necessarily preclude summation. There is a possibility 
that they are rendered invalid by the very action of summa- 
tion, assuming that it does exist. In the determinations of 
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TaBt_E III 


THRESHOLDS FOR DiscRIMINATION OF RED; Puortopic VISION 
(In Lovibond Color Units) 




















Subject Left Right Binocular 
ere Ns Abin Airis ted 18 21 19 
Sees .o16 O19 Ol! 
_) err Seer 87 53 45 
ee .022 O14 025 
2 errr e ee .60 52 37 
ere .032 035 024 
_- eee eer 63 70 40 
ghia aa .027 026 024 
eee rere 65 68 47 
eer .026 031 030 
eee re 36 34 30 
arr .028 024 024 
ae Ser 53 46 43 
i Prere .028 024 027 
Setvésecenun See 74 82 53 
ae 034 027 030 
| errr NEPee eer 72 62 54 
et sneoun kes .038 032 032 
TaBLe IV 


THRESHOLDS FOR DISCRIMINATION OF RED; Scotopic VISION 
(In Lovibond Color Units) 








Subject Left Right Binocular 

errr are 16 16 16 
See O14 O10 O12 

re ES i ie de deh oto 53 41 37 
Serer 020 022 020 
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a Sao. 025 027 027 
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eee 024 027 024 
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the thresholds of discrimination, for instance, two openings 
were used in the objective slide. Behind one of these was 
placed the color slide of 5 c.u. that was used as the standard. 
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When monocular observations were taken only one eye saw 
this comparison standard. When the binocular thresholds 
were obtained both eyes were stimulated by this same slide. 
Assuming that summation does exist it will be readily seen 
that this procedure results in the standard varying from the 
monocular to the binocular observations. The monocular 
records give the smallest perceptible difference on a basis of 
a standard of 5 c.u., while the binocular data so far cited in 
reality give the differential threshold for 7 or perhaps 10 c.u. 
and not for 5 c.u. The same considerations apply to the 
data given so far for sensitivity since two openings were 
also used in the objective. If summation does exist it in- 
validates these measures as well as those of other observers 
with the exception of Piper and Allen. 








TABLE V 

Va.tip Data FoR SUMMATIVE EFFECTS IN SENSITIVITY WITH RED As A STIMULUS 
(In Lovibond Color Units) 
Photopic Vision 
Observer Left Right Binocular 

eres Pr ee .08 0S 05 
errr. Seer .07 0S .06 
ssa on ewee Ris ax ecaewd .06 .08 .06 
Se NG aah ic emase .06 03 03 














Scotopic Vision 








Observer Left ' Right Binocular 
| errr Saree 07 .06 .03 
| errr er .09 10 04 
| Seeorer ee .08 .06 03 
SS Sere re 12 .08 .03 
ss een re .09 .16 .06 














(d) Further Data for Sensitivity 


When records are obtained of the sensitivity thresholds 
with only one opening in the objective very different results 
are found, as will be seen from Table V. The results with 
the light adapted eye are little different from those previously 
reported, while with scotopic vision summation seems to be 
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reached. The average per cent. of reduction with photopic 
vision is 18.7 (S.D. 12.2). The corresponding figure for 
scotopic vision is §8.6 (S.D. 5.8). 

The scotopic increase over summation may be due to an 
overlapping and reinforcement of attention waves in addition 
to summation itself. Dawson has interpreted his findings, 
which we have found not to be valid, as being due to this 
factor of attention rather than tosummation. Some selective 
process probably functions in a selection of the stimuli to 
which to respond. The data for photopic vision in Table V. 
show a tendency for the binocular thresholds to equal that 
of the keener eye. This may very likely indicate some func- 
tioning similar to that observed in the microscopist who 
neglects the images in one eye. With scotopic vision there 
are no indications of a similar mechanism functioning. ‘There 
is a strong possibility that this selecting, rather than a re- 
inforcing, explains the slight binocular increases reported by 
previous investigators. In the instance of visual acuity it is 
generally agreed that the better eye predominates. 


(¢) Summary 


1. Summation of stimuli in sensitivity has been demon- 
strated in scotopic vision. 

2. This has not been demonstrated for photopic vision. 

3. It appears that in photopic vision the response to bin- 
ocular stimuli is selective rather than summative. 

4. Valid data for discriminative responses have not been 
secured. 


2. (a) Equating of Stimuli on Corresponding Points with a 
Monocular Stimulus 


The arrangement described on page 280 made possible 
the equating of color stimuli divided between corresponding 
points of the two retine with a color stimulus limited to only 
one retina. The latter stimulus has been termed the master 
color value. If summation of stimuli between the two eyes 
takes place one would expect to find a master color stimulus 
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of 20 c.u. matched by stimuli divided between the two retine 
which total 20 c.u. 


(b) Photopic Vision 
Table VI. shows that a monocular stimulus of 20 c.u. is 
matched by binocularly combined slides with a combined 
color value ranging from 37.8 to 40.0c.u. The master stimuli 


of 10 and of I c.u. reveal the same total failure to approximate 
summation. 


TaBLeE VI 


BINOCULARLY DivipEp STIMULATION TO EQuaAL THE Monocutar STIMULUS 
INDICATED; FOR Rep. Puxortopic VIsIon 
(In Lovibond Color Units) 











Monocular Stimulus Value 
Subject 7 
20 ¢.u. 10 c.u. I c.u. 
rr AS spin diane 37-7 18.4 1.7 
ree 1.67 1.09 193 
ee en re 37.8 20.5 1.9 
ee 3.35 2.67 .28 
Free eee 39.2 19.1 1.9 
EP 2.61 2.62 87 
8 rer Ns, i cee ations 39.6 20.0 1.9 
aie A tibia 2.28 1.44 51 
, rer Pe 40.0 18.5 2.0 
aa 2.69 1.65 23 
A.H er 38.8 19.5 1.93 
ee 2.78 1.15 5 
ere: SN tikinin eed 38.8 19.9 1.9 
| Tre: 2.63 1.62 22 
re RS ine aiihigd 39.7 19.7 1.9 
rT 2.06 1.64 24 
Riss étenenals ee 39.7 20.2 2.0 
ee 2.33 2.08 61 














(c) Scotopic Vision 

The data of Table VII. reveal that the adaptation change 
has altered the summative effects markedly. With a master 
stimulus of 20 c.u. a total stimulation of only from 19.5 to 
21.7 c.u. divided between the two retine is needed to produce 
equality. Similarily with the weaker master stimuli summa- 
tion is found. Essentially the same results as reported in 
Tables VI. and VII. were found with the combination of 
slides that is termed temporal, and with blue stimuli as well 
as the red. 
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TaBie VII 


BInNocULARLY DivipEp STIMULATION TO Equal THE MonocuLar STIMULUS 
INDICATED; FOR Rep. Scoropic VIsIon 
(In Lovibond Color Units) 











Monocular Stimulus Value 
Subject 
20 C.u. IO c.u. I c.u. 
ee | eee 19.7 10.5 9 
Set 1.09 1.48 092 
_ | Sarr ee eee 21.7 11.2 1.0 
eee 1.63 89 194 
_* Saar Serr 20.9 9.3 1.0 
is wine wn aana 2.62 .96 .136 
err ee 19.8 10.4 1.0 
$a 1.72 802 118 
_ ree. Nee 20.8 9.8 1.0 
Se 2.36 1.31 .086 
er ce ha ded 19.5 9.3 1.0 
ee 2.24 1.49 64 
in éccbsnncne See 20.4 10.1 1.0 
ere 2.01 1.05 13 
| ere: See 20.1 10.5 1.0 
reer 2.24 1.14 .46 
| ey seer lee 21.1 10.4 I.I 
re 2.09 1.13 .07 














(d) Summary 


I. Summation under the conditions detailed has been 
demonstrated in scotopic vision. 
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2. This summative effect is totally absent in photopic 
vision. 
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3. These two statements are not altered when either red 
or blue stimuli are used. 

4. There are no indications of individual differences in 
this summation of binocular visual stimuli. 


eee eo gs eee eset REC CS pe. ae aE 
aes Peon oe Tare a <i nn nee ae -+ += ~ 


V. THEORETICAL 


The commonly accepted arrangement of retino-cerebral 
fibers is diagrammed in Fig. 5. In this only the macule have 
been represented, and these in halves as they are considered 
to be connected with the hemispheres. 
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The increase in binocular over monocular sensitivity in 
scotopic vision is well accounted for by this diagram, as is 


shown in Fig. 6 where the data for the scotopic sensitivity of 
é ; 
We.u. ZOe,u, 
y 


Fic. 7 
observer N.S. (Table V.) have been used. The cortical 


stimulation, which is probably the crucial stimulation for 
these responses, seems to be reached when either the right or 
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left tract is stimulated by a color value of .06 to .o7 c.u. The 
binocular combination is represented in the right portion of 
Fig. 6 which shows how binocular vision makes possible a 
lower retinal stimulus value while still producing an effective 
cortical stimulation. 

Using the data obtained from subject C.K. (Table VII.) 
for Fig. 7 it is shown how the neurological schema explains 
the findings in the second experiments. 

The failure to obtain an adequate approximation to sum- 
mation in photopic vision can be explained only on the basis 
of a selective response, in which the response seems to be 
limited to one eye, the other being inhibited in some manner. 
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THE EFFECT OF ENDOCRINE FEEDING UPON THE 
LEARNING PERFORMANCE OF WHITE RATS 


BY W. E. BLATZ AND W. T. HERON! 


There has recently been a flood of pseudoscientific liter- 
ature in many of the associated sciences concerning the 
possible relationship between the ductless glands and person- 
ality, disease, intelligence, insanity, sex function, and genius— 
ad nauseam. In the field of physiology, so talented a writer 
as G. N. Stewart remarks upon the lack of definite, corrobora- 
tive data within the scope of this topic (11). In psychology 
this field is barren. No data whatever are at hand other 
than highly speculative conjectures. 

The following study was undertaken to introduce into 
experimental psychology a method of studying this fruitful 
field in a scientific manner. If it but stimulates further 
investigation in this aspect of psychophysical research it 
will have fulfilled its purpose, aside from the results of the 
experiment which the authors acknowledge are far from being 
unequivocal. 

The specific purpose of this investigation was to discover 
how a disturbance of the ‘endocrine balance’ of the body 
would affect the learning process. 

The endocrine equilibrium may be disturbed in two ways: 
(a) attempts in the direction of lessened activity of one or 
more components, called hypofunction, by means of extirpa- 
tion, ligature, cautery, etc.; (b) attempts in the direction of 
exaggerated activity of one or more components, or hyper- 
function, by means of grafting, injection, feeding, etc. It 
was decided to attempt by the latter method (as offering the 
easiest means, although by no means the most efficient) to 
study the result of anticipated hyperfunction of certain of 
the gland tissues. 


1 From the Psychological Laboratory of the University of Chicago. 
20 291 
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Since this research was begun in December, 1921, there 
have appeared a series of papers by Liddell and Simpson 
(3, 4, 5, 6) reporting upon experiments which are here briefly 
reviewed. 

Their problem was to study the effect of extirpation of 
the thyroid gland upon the intelligence of sheep, see method 
(a) above. They employed a modification of the maze 
problem as a measure of intelligence. They. also measured 
activity by a pedometer arrangement and the ‘muscular 
exertion’ by an adjustable inclined plane. 

They used in all 8 animals, 4 pairs of twins. After having 
learned the maze, the ‘more intelligent’ twin of each pair was 
operated upon. Cretinism resulted in all operated cases. 

Their behavior was then studied and compared with the 
normal. Both normal and cretin were required to relearn the 
old maze and then a new arrangement of the maze was pre- 
sented as a new /earning problem. 

We have brought their results together in the form given in 
Table I. The four criteria chosen by the authors are ar- 
ranged in the first column. Under each of these the results 
of the two tests, viz., relearning and learning of second 
problem are arranged. Where the normal animal showed to 
advantage an N was placed. Where the thyroidectomized or 
cretin animal showed to advantage a C was placed. The 


last 4. columns represent the records of the respective pairs 
of twins. 








TaBLeE I 

I II III IV 

Ss +khacaaeden Relearning........ C N Equal C 
Learning......... C ° C C 

 Pereeeerere rT Relearning........ N N C C 
MORERERR. 2. cc cces N ° N N 

| eee Relearning........ ° N N N 
Learning......... N ° N C 

Tere Relearning........ C N Equal C 
Learning......... N ° NV N 




















As can be seen, the results show a tendency to the ad- 
vantage of the normal animals but not unambiguously so. 


* No data. 
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In a further investigation 4 cretins (it does not state 
whether these were the above animals or not) were treated 
by injection of thyroxin and showed a ‘pronounced increase 
in neuromuscular activity.’ 

As time did not permit us to study all of the more im- 
portant glands, a choice was made and two were selected,— 
Anterior Pituitary and Adrenal Cortex. Dried extract 
obtained from Armour and Co. was fed to white rats and 
they were then subjected to the test. A control group were 
fed dried brain tissue and given identical tests. It was under- 
stood that feeding fresh glands would have been better, but 
for many reasons this was impossible. It was felt, however, 
that the dried tissue was not inactive because of the con- 
comitant changes noted in the physiological rhythms and 
other indications recorded below. 

A brief summary of the commonly accepted functions of 
the above two glandular secretions may not be amiss. 

The Anterior Pituitary appears to be closely associated 
with osseous growth, genital development, maintenance of 
muscle tonus and adiposity. Experimental hypofunction is 
accompanied by apathy (2, 7, 8, 9). 

The Adrenal Cortex is still the subject of conflicting 
opinions. By some it is thought to be the seat of the elabora- 
tion of the secretion of the medullary portion. Schaeffer (9) 
states “the suggestion that the suprarenal cortex may be a 
seat of manufacture of the lipoids of the body and may 
especially be related to the formation and development of 
the myelin of the medulated nerve fibres is attractive. There 
seems to be a connecti6n between the development of the 
substances formed in the cortex and those constituting the 
cerebral hemispheres.” Wheeler and Vincent are of the 
opinion that the cortex is the ‘actual vital portion of the 
adrenal gland’ (12). 

The acceptance or nonacceptance of the above dicta does 
not in any way affect the results of this paper so that further 
discussion is unnecessary. 

The duration of the investigation was over a period of 18 
months of daily observations. It may be divided chro- 
nologically into three experiments. 
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EXPERIMENT I 


Sixty rats, approximately 30 days old, were purchased and 
divided into three groups of 20 rats each as nearly alike as 
possible with reference to sex and size. ‘They were appropri- 
ately marked by clipping the ears to make identification easy 
and accurate. They were then weighed and placed in cages, 
sexes being separated to prevent breeding. The weighing was 
repeated at intervals of one week until the experiment was 
completed. 

One group was fed .1 gm. per rat of dried brain tissue ! 
and the second group the same amount of dried ant. pituitary 
extract, and the third group a like amount of dried adrenal 
cortex. The three groups were fed daily for two weeks prior 
to the beginning of the learning task, and the feeding was 
continued throughout the experiment. During this experi- 
ment the substance to be fed was weighed in bulk for the 
whole group (1.¢., 2 gms.) and then mixed with bread and 
milk and administered so the whole group (20) as the first 
portion of their daily feeding which always followed the 
learning task and consisted almost exclusively of bread and 
milk with the occasional addition of sunflower seeds. ‘This 
method of administration was modified in the later experi- 
ments as noted below. 

For this experiment we employed the square maze as 
described and used by Warden (13). Records were kept of 
the Gross Time, Static Time, Net Time, Forward Errors, 
Backward Errors and Retracings.?, The rats were given one 
trial per day on successive days. 


1 As the feeding of the dried extracts of pituitary and adrenal introduces a nutri- 
tional factor in the nature of an added protein to the diet, the group which is called 
the control group were fed brain tissue which is held to be physiologically inert when 
ingested (7, 10). 

2'To avoid ambiguity the terms employed will be defined as the authors employed 
them in recording results. 

Gross Time—Time elapsing from the entrance of rat in the maze to the entrance of 
rat into food-box. 

Static Time—Time during which the rat did not move forward or backward, the time 
spent by the rat in resting, sleeping, performing its ablutions, etc. 

Net Time—Gross Time — Static Time = the time actually spent in exploring the maze. 

Forward Errors—Blind alleys entered when proceeding toward food box. 
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It was decided to continue running a rat until it had com- 
pleted three successive trials without error or retracing. 
Only 28 of the whole number reached this stage of mastery 
because of a virulent infection which caused the death of the 
entire group before all had reached this stage. However, 
46 of the whole number accomplished at least one trial without 
error or retracing and this was chosen as a second criterion 
and called ‘incomplete,’ as opposed to ‘complete’ learning 
described above. Table II. shows the number of rats in 
each group under the two criteria. 








TaB_eE II 

‘Complete’ ‘Incomplete’ |Original Number 
Cs xis ekenaeeekeuwees 9 17 20 
0 Rr ee ere 9 13 20 
RE 6 65 4 db essen eieend ead | 8 12 20 














An examination of Table III compiled from the data of 
experiment I shows the following relations. The pituitary 
group has the best standing throughout the whole table except 
in the average net time per trial per rat and average time for 
last three trials, where it is inferior in rank to the control 
group. The adrenal group shows the poorest record in all 
cases except in the average number of trials necessary to 
attain the ‘incomplete’ degree of mastery, in the average 
static time for incomplete, and in the forward errors for com- 
plete. The control group is intermediate in all cases except 
the instances mentioned above. | 

A brief survey indicates that the pituitary group required 
fewer trials to reach the same degree of mastery of the maze, 
took relatively less time to accomplish this task and relatively 
fewer errors, spent less time in ‘idling’ in the maze and hence 
the actual time spent in exploring the maze is longer and 
since there are fewer errors, one may conjecture that this 
group was relatively less active and hence more thorough. 


Backward Errors—Blind alleys entered when proceeding toward entrance door. 
Retracings—Number of sections of the maze travelled in direction opposite to food 
box in ‘true path.’ 
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TaB__eE III 
Criteria Complete Incomplete 
Group Control |Pituitary} Adrenal | Control |Pituitary| Adrenal 
Number of rats.......... 9 9 8 17 13 12 
Average number of trials 
Pee rere ree 34 31 36 31 24 25 
Average time, in seconds, 
per rat 
i intéenctiekercsuas 4,104 3,188 4,954 4,184 3,136 4,332 
eres: 1,901 1,130 2,148 1,655 909 1,481 
ee ere 2,203 2,058 2,806 2,529 2,227 2,851 
Average time, per trial, 
per rat 
I Sai a caitaa ania aad 120 102 137 135 131 173 
rere 56 36 53 38 59 
eee 64 66 77 82 93 114 
Average time of last 3 trials 28.3 28.9 30.8 
Average errors per rat 
EE 69 59 63 64 52 74 
ee TET T Tee 10 9 II 9 8 10 
ee 119 93 139 112 97 127 
Pe ere 198 161 213 185 157 211 
Average total errors per 
ae 5.8 5.0 6.0 6.0 5.8 8.0 























The adrenal group took more trials to reach the complete 
criterion, spent the most time in the maze both in idling and 
in exploring and showed the most errors of all kinds, this 
perhaps accounting for the increased time. 


EXPERIMENT 2 


The second experiment was designed to duplicate the first 
and followed it chronologically. The rats were bred in the 
laboratory. For the maze was substituted an inclined plane 
problem-box,. electrically actuated. Sixty rats were again 
selected and prepared as above with reference to sorting, 
clipping, weighing, and feeding. The feeding in this case 
was more carefully controlled. The whole quantity of the 
powder was weighed and then mixed into a paste and then 
divided into 20 pellets. Each rat was placed into an indi- 








EFFECT OF ENDOCRINE FEEDING UPON LEARNING 297 


vidual compartment after it had run in the problem box and 
was left there until it had eaten the pellet; then it was removed 
to the feeding cage and allowed to eat as much bread and 
milk as it desired. ‘These rats were fed after they had been 
weaned and reached 30 days of age. The feeding of the 
extract was continued for 2 weeks before starting the learning 
task, and throughout the course of the experiment. 

The total time elapsing between the entrance of the rat 
into the outer alley in the problem-box to the entrance into 
the food box after touching the inclined plane which auto- 
matically opened the door, was recorded. A trial was con- 
sidered ‘successful’ when the rat proceeded directly to the 
plane, touched it so as to make the contact, and then pro- 
ceeded directly to the food box. These rats were given one 
trial per day for 50 consecutive days. ‘Table IV. shows the 
number of rats that completed this task; the remainder died 
of various causes. 


TaBLe IV 
Completed 50 Trials Original Group 
nb Sed iedaden ee dw nade ebabaneaen 18 20 
PT eee DS Pe eT 15 20 
GL bk eb deaunscneseeesansaseneused 17 20 


The important criterion in scoring results with the problem- 
box is time. ‘Table V. shows the total time taken by each rat 
in completing 50 trials. Taking average results, the pituitary 
group took least time, the adrenals the longest and the 
normals intermediate. The adrenal group shows a much 
wider range and greater degree of scattering. The normals 
seem to be concentrated toward the shorter times. 

If the values are plotted in the form of a learning curve 
(see Graph 1), the following results are in evidence. The 
pituitary group begins with the lowest times but shows 
marked irregularity in the form of the curve. The adrenal 
group begins intermediate in rank but soon shows the longest 
times of all three groups. In the middle region of the curve 
all groups are so intermixed that no ranking is possible. 
Toward the 35th trial and continuing to the end of the curve, 
however, the three curves show what may be a constant 
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GrapH I. Learning curves compiled from data of experiment 2. Each large 
symbol represents the average time per rat per trial. The circles denote the control 


rats; the squares denote the adrenal rats; the triangles denote the pituitary rats. 
Curves are somewhat smoothed, 
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tendency,—namely, the adrenals with a longer time than 
the other two and the pituitary with the shortest time. The 
difference, however, is small. 























TABLE V 
Recorp OF RESULTS FOR EXPERIMENT 2 
Control Pituitary Adrenal 
Time per rat per 50 trials in seconds..... 981 362 542 
1,089 508 927 
1,238 928 
1,525 964 1,230 
1,782 1,170 1,622 
2,009 1,189 1,765 
2,220 1,282 1,801 
2,245 1,345 2,008 
2,321 1,560 "2,103 
2,502 2,029 2,540 
2,591 2,624 4,621 
2,620 3590 7,140 
2,890 4,826 7,290 
3,920 6,501 7,306 
4,172 8,489 8,152 
4,629 11,670 
6,028 15,923 
14,922 
WG 6b bonis endsacedenewns 59,685 37,367 77,599 
PRs chienntnetandarddads 3,316 2,491 4,564 
PO Bs ios vcccccctanecccensas 18 15 17 
Number of trials to 
OES rs oy a 29.6+ 23.2 32.3+ 
Ss pect datankaweneneaae 38.3+ 29.3 38.0+ 
errs 41.3+ 35.1 44.0+ 
Number of animals that did not make 
Ee I ons 84450 csWde cs vedendess I fe) 4 
S64 kcseneedsesbaweneeess 5 fe) 7 
C2 th 6s cckdebencheesenieee 8 fe) 10 
Number of perfect trials per rat per 50 
Nas 64. 04064k han ckeeewheokeueeecns 3.2 8.0 3.3 














For purposes of comparing the groups by an additional 
criterion, it was arbitrarily decided that if a rat went to the 
inclined plane immediately upon admittance to the problem- 
box and after springing the latch went directly to the food 
box, this performance should be called a ‘perfect trial’ and 
so indicated in the records. 
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Referring again to Table V. it will be seen that the pituitary 
group not only takes fewest trials to attain each criterion, 
but all 15 rats make at least 3 perfect trials. The record 
of the adrenal group is again the poorest, being lowest in 
every case except with 2 perfect trials where it is slightly 
better than the control group. 


EXPERIMENT 3 


Since the results, although consistent, had up to this time 
been far from convincing, it was decided to attempt to exagger- 
ate the effectinsome way. It was thought that by inbreeding 
the groups there might be a possibility of some cumulative 
hereditary effect which would manifest itself by more striking 
differences between the three groups. To investigate this 
problem the following experiment was devised. 

The rats which survived the previous experiment were 
now inbred as to groups, feeding of the extracts being con- 
tinued during pregnancy and lactation. The litters of the 
three groups were carefully kept apart and from these a 
third set of groups was compiled. The progeny of the 
Control group were now fed the Brain Tissue; those of the 
pituitary group fed anterior pituitary, and those of the adrenal 
group fed adrenal cortex. The technique of weighing, feeding, 
running, etc. was identical with the previous experiment. 
The same problem-box was used as the learning task. The 
number of rats employed is shown in Table 6. 


TasLe VI 
Exp. 3 Number Completing Number Beginning 
50 Trials Experiment 
ak ncind ds ba ae kadeaen meee 21 21 
Ts << ctnuhebiebiadedeenaeanss 4 4 
PG Ne aneeKkGseeieansesesawebedes 18 21 


The results from Experiment 3 were dealt with in the 
same way as in Experiment 2. Reference to Table 7 will 


*It was found impossible to breed the pituitary group while feeding anteriot 
pituitary extract. The feeding was withheld until 5 litters were born and then re- 
sumed. The mothers promptly refused to feed the young, with the resulting death 
of all but 9. The feeding was withheld again but only 4 survived to partake in the 
experiment. 
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: AT 
TaBLeE VII pitt 
Recorp oF RESULTS FOR EXPERIMENT 3 i 
Control Pituitary Adrenal i Hi 
Time per rat per 50 trials in seconds..... 368 1,022 1,061 i 
512 1,575 1,142 iit 
825 2,081 1,285 a) 
864 2,532 1,306 | Wh 
892 1,821 Hi: 
954 2,069 Mh 
982 2,123 1H bia 
1,025 2,562 ~ Hi 
1,069 3,098 OM 
1,125 3,641 iy 
1,162 3,902 a 
1,290 5,065 i 
1,295 5,098 td 
1,348 5,721 A} 
1,409 ' 5,875 Hit 
1,522 7,501 i | 
1,864 8,898 A 
2,062 9,927 3, 
2,143 My 
3,829 | 
4,028 
, ree pee gen pe 30,568 7,210 71,495 
Adin tseedeeakanansee 1,455 1,802 3,972 
er re re 21 4 18 
Number of Trials to 
00, eee re 26.9+ 15.7 29.9+ 
SE IN i. 6 66 vc ceca cadeens 32.9+ . 28.2 35.4+ 
SE I 64.00 oc eadeneeeneen 38.5+ 34.5+ 42.5+ 
Number of animals that did not make t 
Pe Medhsneeteensdeenesceaceceds 3 fe) 6 i 
0 Serr rere 5 ° 7 ! 
 PrerrrrTererre rT Terre 6 2 II Hi 
Number of Perfect Trials per rat per 50 i! 
WE «1 dei aeeedbadaneenae 4.0 6.9 2.5 i 














indicate the total time taken by each rat to complete 50 
trials. Here the normals have the lowest score; the pituitary 
intermediate; and the adrenals markedly the highest. The 
adrenal group shows the widest range and scattering. The 
pituitary group composed of only 4 rats cannot be considered | 
very seriously. The pituitary group, however, again shows a 
the best ‘perfect trial’ record with the adrenal group last. : 

The learning curve, Graph 2, compiled as in the previous 
experiment, shows the following points: The control group 
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Grapu II. Learning curves compiled from the data of experiment 3. 
Symbols as in Graph I. 
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start out with the lowest time, the pituitary (only 4) inter- 
mediate, and the adrenals by far the longest. The same 
complexity obtains in the medial portions of the curves, but 
about the thirtieth trial the same relationship ensues and 
persists as occurred in the former graph, viz., the adrenal 
group with the longest times, the control group intermediate 
and the pituitary with the shortest times. 

It should be pointed out that the pituitary group, small 
as it was, started out with a physical handicap due to poor 
nutritional care when young, as can be seen by their lower 
initial weight (Graph 5) at corresponding ages to the adrenal 
and control groups, 1.¢., 30 days old. 


EXPERIMENT 4 








TaBLeE VIII 
Exper. 2, Exper. 3, Per Cent. 

1st Generation | 2d Generation | Improvement 
ae 100% 100% 128 
Average Time j Pituitary...... 75 124 38 
Adrenal....... 131 273 12 
Trials to OS 100% 100% 10 
First Perfect { Pituitary...... 78 58 4! 
Adrenal....... 109 III 8 














An examination of Table VIII. shows some interesting 
relationships. The records of the rats of the 3 groups in 
experiments 2 and 3 have been tabulated for 2 criteria, viz., 
average time per 50 trials and number of trials to the first 
perfect trial. In the first 2 columns under the heading Ist 
generation and 2d generation, the records of the control 
group were taken as 100 per cent. and the relationship of the 
other 2 groups calculated upon this basis. In the third 
column the percentages of improvement of the records of the 
second generation over the first are tabulated. 

In Experiment 2 the percentage values point to a superi- 
ority of the pituitary group and an inferiority of the adrenai 
group when compared with the control. Turning to the 
second generation we find the same relationship holding true 
except for the pituitary group in the time values. In the 
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other criterion the effect is exaggerated in the second genera- 
tion, as it is for the trials to second and third perfect trials 
(not shown in this table). 

The third column shows the comparison of the records of 
the second generation with the first and it is seen that in all 
cases there is superiority of the second generation. 

The rats in both experiments were bred in the laboratory; 
they were fed the same dose of gland tissue under the same 
experimental conditions. ‘The difference lay in the fact that 
the parents of the second generation had been fed gland tissue 
and also had run the problem-box. Whatever effect is noted 
must be correlated with these two differences. 

One can conjecture that if the effect of feeding the tissues 
would influence the offspring, then the specific effects would 
be exaggerated. Hence we would find the pituitary group 
relatively much better than the control and the adrenal 
group relatively much worse. This is not unambiguously 
shown by the records. 

However, if there is a transference of the problem-box 
response (acquired characteristics), then the second genera- 
tion would be much better than the first and this influence 
would serve to level out the differences between the groups, 
counteracting the adrenal influence especially. 

It was decided at the beginning of the third experiment to 
run an additional control group of 21 normal rats bred in the 
laboratory from rats that had not been fed any of the tissues 
nor had they run the problem-box. The rats corresponded to 
the control group of Experiment 2 in ancestry. They were 
subjected to the same experimental technique as the other 
rats in experiment 3 with the exception of the special feeding. 
They were fed only bread and milk and occasionally sun- 
flower seeds, which was the diet of the other rats, without 
the gland tissues. 


TaBLe IX 
AVERAGE TIME PER RaT PER 50 TRIALS 
6 ce ndakacenawndaenedeaweeagentad 3316 
es dea ake ahh eeeeaeinenscsaeeut 1455 


acids Ci ekedahaghbbsdbhhnseeeans 3252 
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Table IX. shows a significant relationship. ‘The extra 
control group, called the normal group, approximates the 
first generation rather than the second in its time record, 
indicating that the improvement of the second over the first 
generation is a valid assumption. 

The data at hand are too meager to justify any confident 
conclusions and are submitted here as a suggestion for further 
investigation. 

PHYSIOLOGICAL RESULTS 


Gland Weights.—In all three experiments as soon as the 
rats had served their purpose of learning or breeding, they 
were killed and the adrenal and pituitary glands carefully 
dissected out and weighed. They were then fixed for histo- 
logical examination.! 


TABLE X 


Weicuts or Dissecrep ADRENAL GLANDS 
Values represent mgms. per 100 gms. body-weight. 
Figures in brackets represent the number of rats in the group. 

















Aver. Min. Max. 
Exp. I 
I 5 bce ead daha bebe kee’ 12.2 11.5 14.0 
PN 6 is Codbebandeseeceeneenee 23.9 16.5 28.5 
S445 shinee cdsewntsensanes 15.9 14.3 17.1 
xp. 2 
Controls 
ee oa 10.8 10.8 10.8 
Cs ncsee ce Deeibnnnt saan 20.9 11.7 24.6 
Pituitary 
cca Se 6 eee Be ee a 20 ade 12.2 11.7 12.8 
Ricks cweskeedene mean 18.3 
Adrenals 
i i os ol ate ed 12.4 12.3 12.4 
Cs cieghscanvecedawawenwa 19.7 13.3 26.6 
Xp. 3 
Normal 
EPEC EME LTE OT TT ETT: 12.1 9.6 20.8 
NE, iin ee ceed ethan bie 15.8 13.8 17.9 
Adrenal 
ia ea ae dhe 15.3 12.4 18.4 
CN i. ct cnckkenedaweneaed 18.5 16.6 25.5 





It will be seen from Table X that the adrenal and pituitary 
fed rats show a definite increase, in weight of adrenal glands, 


1 Lack of time prevented the authors from completing the histological investiga- 
tion. The tissues are fixed and cleared and await imbedding, cutting and examination. 
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over the control rats. In the second experiment, the females 
were either pregnant or had just been delivered of a litter 
and hence the adrenal weights are inconclusive. As the total 
weight of the pituitary gland is about .oos5 gm. the error in 
weighing overshadows any variation due to feeding, etc. 
Hence these values are not given. (See Smith (5) for effect 
of pituitary feeding on reproductive organs in rats.) 

Body Weight—The weights of the rats of one group were 
added together each week and the arithmetical mean calcu- 
lated. These were then tabulated as shown in Graph 3. 
The data for rats of each experiment were kept separate giving 
three curves, 4, B, and C, corresponding to Experiments 
I, 2, and 3. 

There are no definite indications, but there seems to be a 
tendency for the adrenals to lag behind and probably a 
tendency for the pituitary rats to be heavier towards the end 
of the experimental period. 

Reproduction.—That there was a definite interference in 
the sexual functions of the pituitary groups was indicated by 
the fact that it was found impossible to inbreed them. While 
the anterior pituitary was being administered the females did 
not become pregnant. After discontinuing the feeding for 
two weeks 5 of the females became pregnant and were de- 
livered of litters. Four of the mothers refused to suckle ey 
young until the anterior pituitary feedings were again dis- 
continued. This feeding was then discontinued but there 
were only four survivals of all five litters. Hence the records 
of pituitary group in the third experiment must be considered 
in the light of these facts. 

Pathological Effects —It was observed that at times the 
adrenal rats showed digestive disturbances in the nature of 
short attacks of diarrhoea. Several of the laboratory rats 
were placed in a separate cage and fed as much of the extract 
as they would take. They rapidly showed signs of this 
condition and succumbed in a few days. The effect is aggra- 
vated by hot weather, during which the adrenal group re- 
quired and received more water than the others. Whenever 
the condition was perceived the dosage of the extract was 
reduced until recovery was apparent. 
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TaBLe XI 
RANKING OF THE 3 Groups In EXPERIMENTS I, 2 AND 3 
Criteria Control | Pituitary | Adrenal 
Table 3, Exp. 1 
as hacked eee eeeeeedss ee eend 2 I 3 
ee ee 3 I 2 
Av. time per rat Gross complete... . 2 I 3 
Static complete.... 2 I 3 
Net complete. . 2 I 3 
Av. time per rat Gross complete... . 2 I 3 
Static complete.... 2 I 3 
Net complete..... 2 I 3 
Av. time per trial Gross complete... . 2 I 3 
Static complete.... 2 ! 3 
Net complete..... I 2 3 
Av. time per trial Gross incomplete. . 2 I 3 
Static incomplete. . 2 I 3 
Net incomplete... . I 2 3 
II 65045500 0480 60 o000 04 2 I 3 
Errors per rat For. comp........ 2 I 3 
Back. comp....... I I 3 
Ret. comp........ 2 I 3 
For. incomp....... 2 I 3 
Back. incomp...... 2 I 3 
Ret. incomp....... 2 I 3 
Av. total errors per trial EEE 2 I 3 
Oe re 2 I 3 
Table 5, Exp. 2 
Ee es er ree 2 I 3 
Er er ere eee 2 I 3 
CL £64. 58ees kdb se devas cane a 3 I 2 
Cg ET er Sree 2 I 3 
Number of perfect trials per rat.............. 3 I 2 
Table 7, Exp. 3 
a i a cans wid nae OSS MM I 2 3 
EE les. sk Keb ncdebdaseeveseeesens 2 I 3 
per er ery 2 I 3 
Ee eee 7 2 I 3 
Number of perfect trials per rat.............. 2 I 3 
Ns 44caeaedal 66 36 96 
CoNCLUSIONS 


Table XI. shows in tabular form the tendency for the 
pituitary group to be superior throughout the experiment 
and for the adrenal group to be inferior. 

The physiological effects have been such as to leave little 
room for doubting that the feeding of these tissues had an 
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active influence. The change in gland weights, the altera- 
tion of body weight, the effect upon the reproductive system 
(pituitary) and the digestive disturbance (adrenal) all point 
to an effect, however difficult it may be to isolate any of the 
factors or to explain the results. 

One can assume one of two attitudes towards the above 
data: (a) the differences shown are not of sufficient magnitude 
to be valid for such small groups; or (b) the differences are 
small but sufficiently consistent to denote a tendency toward 
superiority of the pituitary fed rats and inferiority. of the 
adrenal fed rats; the physiological results at least point to 
some effect upon the rats and hence a psychological influence. 
would not be surprising. 

If further and more searching statistical inquiry shows the 
former to be the more likely conclusion then there is nothing 
more to say; if, however, the latter view be the more enticing 
it at least opens up the question for further inquiry and 
interesting discussion. 

Let us assume the latter to be true. How, then, can one 
attempt to explain the results? | 

It must be remembered that the learning process here 
depicted is a matter of conditioning certain responses to the 
environment and depends fundamentally upon an intact and 
healthy nervous system for proper functioning. 

Taking up first the question of adrenal inferiority, the 
following suggestions are applicable: 

1. It was found that increasing the dosage induced certain 
digestive disturbances the most serious being a severe diar- 
thoea, which, if not controlled by cessation of feeding eventu- 
ated in death. Might not then the feeding of adrenal cortex 
have a definitely detrimental effect on the general health and 
well-being indirectly affecting the nervous system? | 

2. The rats did not like the taste of the adrenal tissue (at 
least it was more difficult to get them to eat it) and this 
may have led them to eat more sparingly of the food given 
later. This may give rise to two resulting conditions. (a) 
This group may have been relatively undernourished when 
compared to the other two groups. (bd) Since ‘food’ was used 
21 
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as the incentive for inducing the rats to run the maze and 
problem-box, this circumstance may have altered this im- 
portant factor. Liddell states: “The validity of any con- 
clusions which may be drawn from the behavior of normal 
and thyroid-ectomized sheep in the maze either during 
learning or after its completion when reaction-times are 
being measured, depends on the continued efficacy of the 
incentives which condition the animal’s behavior” (p. 197, 
Quart. J.). 

3. There may have been an effect produced by the specific 
physiological substance itself. Cameron has sought to demon- 
strate an antagonistic action between the adrenal cortex and 
the thyroid secretion. It is generally held that the thyroid 
is intimately concerned with the growth of ‘intelligence.’ 
Hence the feeding inhibited the thyroid activity producing 
less intelligent rats. 

In discussing the superiority of the pituitary one must 
seek for some positive rather than negative effects. Under- 
nourishment or induced bad health or lack of motive cannot 
account for increased efficiency. The following suggestions 
are offered: 

1. The tissue extract may have acted as a new and stimu- 
lating food protein increasing the general organic activity. 

2. Since all of the comparisons were made with the records 
of the control rats we should be sure that feeding brain tissue 
does not affect the rats as an improper food as suggested for 
the adrenals, thereby reducing their efficiency. This being 
true then the pituitary records would represent normal rats, 
and the feeding would be at best harmless. (No deleterious 
effects could be noted by increasing the dose of the brain 
tissue. The rats seemed to eat the mixture without hesita- 
tion. A group of 20 rats were run coincidently with the 
second generation and fed only bread and milk. Their 
records are not included above. They closely approximated 
the control group of the first generation and were inferior 
to both the pituitary and the control group of the second 
generation. Hence we may conclude that the control group 
was not injured by the feeding.) 
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3. There is evidence (1) to show that some components of 
the anterior pituitary does increase the general metabolic rate 
and has a stimulating effect upon growth. This effect may 
have been produced and have indirectly affected the nervous 
system advantageously. 

It seems to the authors that the results of this paper need 
verification before any serious conclusions may be drawn 
It seems, however, that the data justify the time and work 
that have been expended thereupon. We wish to take this 
opportunity to express our appreciation of the splendid co- 
operation that exists between the departments. We are 
grateful to the department of Anatomy for affording us the 
facilities of their laboratories for doing the dissection. Pro- 
fessor Carlson of the department of Physiology assisted us 
materially with advice and criticisms. We wish also to 
thank Professor Carr and Professor Robinson, whose co- 
operation made the experiment possible. 
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PSYCHOLOGICAL TESTS IN ADVERTISING 


BY A. T. POFFENBERGER 
Psychological Laboratory, Columbia University 


The Association Test as applied to advertising has been 
critically examined in a report published in the JouRNAL oF 
EXPERIMENTAL PsycHo.ocy, October, 1923, by D. A. Laird. 
This investigator conducted an association test in which the 
stimuli were fifteen general commodity names, such as, shoes, 
chewing gum, tooth paste, etc., and in which the response 
was to be the first brand name of such a commodity that the 
subject could recall. This test, given to about fifty subjects, 
was followed three days later by another test in which the 
same subjects responded, not this time with the first brand 
name that could be recalled, but with the brand name of the 
article actually used by the subject. After an interval of 
four months the first experiment was repeated on as many of 
the original group as could be reached. 

Two facts of considerable importance stand out as the 
result of this study: 

1. There is a discrepancy between brand name recalled 
and brand used, or between association reaction and use. 
Disregarding sex differences and combining the records for 
men and women, it appears that there is agreement in 58.2 
per cent. of the cases and disagreement in 41.8 per cent. of 
the cases. (Although the author says: ‘‘Again we find the 
disagreement greater than the agreement.’’) 

When the commodities are grouped into three classes, 
namely, clothing, other essentials, and luxuries, it is reported 
that the agreement is greatest in the case of ‘‘other essentials,” 
next in the case of “luxuries” and least in the case of 
“clothing.” 

2. When the two association tests conducted over an 
interval of four months are compared, subject by subject, 


there is a lack of consistency. The per cent. of the cases in 
312 
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which there was agreement between first and second test was 
found to be for the men 48 and for the women 62. 

From the author’s conclusions I wish to quote the following 
passages: Concerning the relation between association and 
use he writes: “In no instance, however, is this agreement 
great enough to give validity to the association tests as a final 
test of the measure of an advertising series’? (p. 360).! Con- 
cerning consistency he writes: “This consistency, or rather 
lack of it, casts grave doubts upon the validity of the applica- 
tion of association tests in practical situations” (p. 364). 
Finally, “From both types of experiment we must conclude 
that, while the association tests may be invaluable to the 
structuralist in ascertaining how the mind is composed, they 
do not carry over with equal value to the practical situation 
such as is presented in advertising. ‘There is many a slip 
between the thought and the purchase, which is really im- 
portant in the commercial field, and which is glossed over in 
an association psychology of advertising. The association 
test in this field denies the existence of the very things of 
permanent importance” (p. 365). 

This severe condemnation of one of our highly respected 
and much used psychological techniques seems to imply that 
investigators have employed it to determine the extent to 
which certain branded commodities are used. Looking 
through the most important studies of this type I have failed 
to find an instance where the author states his problem to 
be the discovery of extent of use by way of the association 
test. For example, in the most extensive study of this 
nature, by Hotchkiss and Franken,? I find the method de- 
scribed as “The Association Method of Testing Brand 
Familiarity (Title of Chapter 2). The following statements 
are further indicative of the authors’ purpose: “Such a study 
of the public mind has recently been made with respect to 
one hundred typical commodities. The results indicate the 
degree to which the public 1s familiar with names and brands, 

1 Italics here and in the quotations to follow are mine. 


2“ The Leadership of Advertised Brands,’ published by Doubleday, Page and Co., 
for the Associated Advertising Clubs of the World, 1923. 
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and which brands are more generally known in each field. By 
careful analysis of these results it may be possible to discover 
something of the causes which are responsible for leadership 
in the public mind”’ (p. 7). 

‘“‘Certain manufacturers seem to have a clear leadership 
in their respective fields, at least so far as public recognition 1s 
concerned” (p. 12). 

“In view of all these facts, a manufacturer who wishes to 
be well known by the public may well be concerned in discover- 
ing to what extent his efforts have been successful” (p. 6). 

That the writers were aware of the possibility of careless 
interpretation of their results is indicated by the following 
significant statement: “Jt must be remembered that the facts 
secured were merely the relative strength of associations and 
relative familiarity with names and brands. The subjects were 
not asked what brands they used or preferred. Any tndication 
of the position of different manufacturers with respect to actual 
sales or good will are inferences only”’ (p. 19). 

H. F. Adams! writes thus in his chapter on Association: 
“‘It is imperative therefore that the advertiser should know 
how to make his advertisements remembered by the reader. 
Since the basis of all memory is association, it is necessary 
that we understand the laws of association, both the formation 
of associations and the laws of recall”’ (p. 153). 

Discussing the association experiment as he applied it to 
advertising, he says: “This experiment also shows the relative 
strength of the different associations which have been con- 
nected with any one class of objects. It is in reality a meas- 
urement of the advertisements which have been most effective 
with any given individual” (p. 182). The context compels 
us to interpret this last sentence as referring to the effective- 
ness in establishing associations and not in making sales. 
Geissler? found that use was an important factor in de- 
termining familiarity but did not attribute a like potency to 
familiarity in determining use. Hotchkiss and Franken also 
note this influence of use upon familiarity (p. 32). 


1‘ Advertising and its Mental Laws,’ Macmillan, 1920. 
2 Jour. of Applied Psychology, 1, 1917, 275. 
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It should not be surprising to find no cases where the 
association test was used as a measure of use, for there is a 
method of getting that information which is very much simpler 
and more direct, namely to inquire directly about use. This 
is very commonly done. For example, in reading over the 
sample questionnaires presented by Starch? one finds such 
questions as the following: (Concerning the purchase of 
raisins) If in package, what brand or brands? (p. 150). Also 
in the same questionnaire we find the following question: 
With what other brands of raisins are you familiar? Starch 
clearly recognizes the difference between familiarity with a 
brand and the use of that brand. In another questionnaire 
we find this question: What brand of dentifrice do you use? 
In still another: What make of fountain pen does party use 
at present time? This is followed by: What makes of foun- 
tain pens can party name without suggestion? Such in- 
formation appears to be easy enough to get directly from 
people without the use of any semi-Freudian technique. 

Why then, one may inquire, should a psychological test 
applied to advertising be condemned because it will not do 
what it was not intended to do? On the same grounds the 
Schick test for diphtheria susceptibility might be condemned 
because it is an unsatisfactory test for syphilis. Yet its 
value for its own purpose is unquestioned. 

If the association test will not measure use, will it serve 
any other useful purpose for the advertiser? The data re- 
ported by Laird enable us to answer that it will serve a number 
of useful purposes. A few of these will be considered. 

1. It will indicate the strength of the associations between 
a commodity and a brand name. A surprisingly large pro- 
portion of modern advertising is of the so-called publicity 
sort, and is intended to create familiarity with brand names. 
The degree of familiarity of various brand names for a certain 
commodity is a matter of considerable importance. It 
measures, in a way, the effectiveness of the advertising in 
establishing such associations. Adams reports that “one of 
the most striking results of the experiment is the fact that 


1 Principles of Advertising,’ A. W. Shaw Company, 1923. 
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those commodities which are mentioned most frequently are, 
with few exceptions, the ones which are most widely ad- 
vertised. Asecond point which is very striking is the number 
of times an advertised commodity was not thought of” 
(p. 194). Both these points are of interest. It would appear 
that one might thus discover the commodities where new 
brand names could be created with least resistance from 
names already established and familiar to the public. And to 
know that amount of advertising and degree of familiarity 
are closely related is quite worth while. To know how closely 
related would be more important, and to analyze the cases 
where there is a discrepancy between amount of advertising 
and degree of familiarity would be still more important. 
Much light might be thrown upon the effectiveness of publicity 
devices by such a study. 

2. The discovery of discrepancies between familiarity and 
use constitutes the most valuable contribution that Laird has 
made, although these discrepancies were the primary cause 
of his condemning the test. The search for the causes of 
discrepancy, and the analysis of special cases of discrepancy 
should furnish much valuable data for the advertiser. Laird 
has pointed out some of these causes, but there are still 
others. 

(a) One of the most prevalent causes of the discrepancy 
between familiarity and use is the very character of much of 
our modern advertising. Its sole function seems to be to 
keep a brand name before the public to make it familiar, to 
impress it upon the memory. Criticism of advertising of 
this sort, sometimes called “poster” advertising is very 
frequent. Now, it must be recognized that there is a differ- 
ence between remembering or being familiar with an article 
and being convinced of its value, that it is the thing to use. 
The former may very well exist without the latter. The 
former depends upon complying with the so-called laws of 
association, the most important of which are frequency of 
experience, and vividness of experience or strength of the 
impression. To arouse conviction regarding the value of a 
commodity is quite a different matter. 
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A study of cases of agreement over against the cases of 
disagreement between familiarity and use, together with an 
examination of the advertising used in both cases might do 
much to show which advertising devices do and which do not 
produce conviction as well as memory. The clear under- 
standing of the discrepancy between familiarity and use and 
its conditions would alone, I believe, justify the use of the 
association test in advertising work. 

(b) A cause of discrepancy suggested by Laird is the 
financial status of the subject taking part in the experiment. 
“There is many a slip between the ad and the lip. - These 
slips may be caused by economic reasons. Especially is this 
true in the group of subjects used. In most instances they 
were squeezing an educational opportunity out of limited 
funds; most of them had to rub the eagle some time before 
they parted with him. In this they are probably representa- 
tive of the great bulk of purchasers” (p. 362). 

There is great question whether the group of people 
studied in this experiment constitute an adequate sampling 
of the population as far as economic status is concerned. 
Conclusions should not be drawn from an inadequate sample. 
But, if in the case of any particular commodity, a discrepancy 
between familiarity and use should appear and further analysis 
of this discrepancy showed it to be due to the high cost of 
the article, such information would be of great value, and 
the remedy for the discrepancy would be clear. Advertising 
must convince the public but the public must also have the 
capacity to purchase what it is convinced it should have. 
This is a fundamental rule of marketing, the adjustment of 
price to purchasing power, which no distributor would know- 
ingly defy. 

(c) Habit may be in part responsible for discrepancies 
between familiarity and use. The advertiser should learn 
to know the strength of habit if he is to take measures to 
Overcome it. One may be convinced that a new tooth paste 
is better than the one he is now using and yet habit will 
bring about the continued use of the old one. Comparison 
and analysis of the advertising in cases of agreement and dis- 
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agreement between “thought habit” and “use habit” may 
point the way to effective means of dislodging old habits of 
use in favor of new ones. 

(d) Another cause of discrepancy which deserves con- 
sideration in a study of this sort is the frequency with which 
purchases are made. Suppose, for instance, that a person 
buys a watch once in a lifetime. Then after his purchase has 
been made, there may well develop a discrepancy between 
familiarity and use and even between conviction of value and 
-use through efficient advertising. Still, the purchaser may 
not dispose of his old watch and buy the new one. The 
three cases of closest agreement between association and use 
were for men the associations with tooth paste, cigarettes 
and chewing gum. Such articles offer good opportunity for 
use to keep pace with familiarity accompanied by conviction. 
Lack of frequency of purchase should not be thought of as 
introducing an error into the association test. It constitutes, 
rather, a factor whose importance in producing a discrepancy 
between association and use should be investigated in the 
case of various commodities. 

(e) Another possible source of discrepancy lies in the 
distribution of nationally advertised products. One must 
make his purchases from the kinds of commodities available 
in his locality but may derive his familiarity with trade names 
from the reading of nationally distributed magazines. The 
cases showing least agreement between familiarity and use 
in the material studied by Laird were candy and fountain 
pens. (Figures for men only.) The geographical distribu- 
tion of his subjects although not given in this report, might 
form the basis for the interpretation of these figures. A 
study of the discrepancies between familiarity and use for 
different commodities according to geographical location 
might reveal interesting material in this regard. 

3. Not only does the discrepancy between familiarity 
and use offer very suggestive problems for the advertiser, 
but the lack of consistency between associations taken at 
intervals of four months may be equally serviceable. It is 
customary in studying the reliability of psychological tests 
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to have one group of people take the test more than once and 
to compare the various performances. If the performance 
of individuals does not vary from time to time, the test is 
said to be reliable and the results consistent. But in such 
cases the function measured is supposed to be stable and the 
conditions under which the test is given are supposed to be 
identical or nearly so. Now in the association test the func- 
tion is not stable but is known to vary according to the ac- 
cumulation of experiences. In such a test as the Kent- 
Rosanoff Free Association test the associative connections 
are well established because of their simple logical character 
and the frequency with which they have been experienced 
from early childhood. They are, therefore, fairly stable over 
long periods. In the case of associations established by 
advertising the conditions are often quite different. They 
are especially suitable for providing a rapidly varying ex- 
perience. New advertising campaigns are launched to market 
new products, and old campaigns are modified to meet the 
new competition. Should one expect that relative familiarity 
of all or most brand names would remain unchanged during 
a period of four or five months? A new advertising campaign 
for tooth paste or chewing gum ought to show results in less 
than four months after the campaign is launched. In this 
constant war of competing brands degrees of familiarity must 
change if the advertising is effective. The fact that approxi- 
mately 50 per cent. of the associations changed and that 50 
per cent. remained the same over a period of four months 
should not be surprising or disturbing to the advertising 
investigator. 

Such changes should not be looked upon as a source of 
error in the association test but rather as opportunities to 
measure changes wrought by advertisements in the reactions 
of a sampling of the public. When such changes are checked 
against the advertising used, interesting data may be acquired. 

The foregoing statements are not intended to be a com- 
plete catalogue of the uses of the association test in advertising 
or even to include the most important uses. They are 
simply intended to show a few of the ways in which the test 
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might be usefully applied. For the writer at least, the study 
by Laird has not only not created the conviction that the 
association test in advertising is worthless, but on the contrary 
has revealed a wealth of possibilities in its use still untouched 
by experimenters, arising from the discrepancy between 
familiarity and use and between tests repeated after long 
intervals of time. 















A FORMULA TO CORRECT FOR THE EFFECT OF 
ERRORS OF MEASUREMENT ON THE CORRE- 
LATION OF INITIAL VALUES WITH GAINS 


BY GODFREY H. THOMSON 
Teachers College, Columbia University 


I. THEORETICAL DEDUCTION 


As Thorndike showed in a recent article, if there is no 
real correlation between an initial value of some mental 
function and its gain over a certain period, then because of 
errors of measurement, there will appear to be a negative 
correlation between these quantities as measured. And for 
the same reason, any real correlation there may be, will be 
reduced in the measurement. 


Let a = true initial value, | 
g = true gain, : (1) 

a+ g = true final value. 

Let ¢ = error of measurement in initial value, 
e’ = error of measurement in final value. 








Then if x is the measured initial value, 
and y is the measured gain, 
and z is the measured final value (where x + y = 2), 


we have 
x=arte, ) 
z=atgte’,e (2) 
yegte’—e.) 





The reason for the apparent negative correlation of x and y, 
even if a and g are uncorrelated, is the presence of + ¢ in x 
and of —¢in y. On the assumption that e and é’ are not 
correlated with one another or with a or g (assumptions 
similar to those made in using Spearman’s attenuation 
formula) we then have the following derivation of the formula 
required: 
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fog = 2 Oe Sos. (3) 
” 20409 





Now from equation (2) we have 


oO, =o, +2-’, (4) 
oz, =o/+07 + ¢,?. (5) 

Also (x — y) = (a — g) +: 2¢ — e’; 
os Oza? = Gag? + 40,7 + o,’. (6) 


Substituting for o,?, o,2 and oq_,? from these last three 
equations in (3) we get: 


a,” + g,° — Coun” + 20." 


2V{(c,? -” g.”)(a,? —¢ — a") } 7) 





To g 





But 
oe + 0,2 — a2? = 2620yf zy 


and on substituting, this gives 


_ O20 yfry + Oe 
V{(o.? — Cee, — of — o.')} 


The only unknown quantities here are o,? and o,7. They 
can be found from the reliability coefficients of x and z, 
respectively, thus: 

Let x; be an alternative measure of x, and ¢ its error. 
Then the reliability coefficient 





(8) 


Tag 





2 2 2 
_ Oz + Or, ~~ Orz-2, : 





r 
. 20202, 
But 
o, =o/ + 0-7, since x=arte; 
Or,” = oO." + G-,’, since My =at a; 
Or-2z,) = 62 + Ge,”, sincex —% =é¢— 4 
Therefore: 
2 2 
og o 
O20, Oz 
And from (4) 
Oo =0;) — Oa 
a= 2 
d similarl 2=¢0/7(1 — 
and similarly o2 =o/7(I — 72). 
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Substituting these values in equation (8), we have, after a 
slight rearrangement: 


Try +2 (1 os Tz) 
Tag = : = , (11) 
— Vr, {07 — o2(1 — 72) — o2(1 — 7,)} 
Oy 








where x is initial measured value, 


y is measured gain, 
z is measured final value, 


and r, and r, are reliability coefficients. 





+! tf 


Tilustrative Diagram only. 














It is of especial interest to consider in the light of this 
formula, how r,,, the correlation of apparent initial value 
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with apparent gain, departs from ra, the true value, as the 
latter sinks from + 1 through o to — I. 


By a little algebra it can readily be found that 
O20 ylry = Fa%g%ag — Oe. (12) 


If all the sigmas in this equation are imagined as remaining 
constant, while rag and rz, are given various values, the 
relationship between the two is seen to be linear 


Try = Crag — D, (13) 


where C and D are constant proper fractions. The two 
quantities will be related as in the adjoining diagram where 
corresponding values of 7,, and 7a, are vertically above each 
other. The apparent correlation r,, begins at a smaller 
value than rq, but sinks less rapidly, and the lines may cross, 
as in the case shown, somewhere below the zero value. Above 
the zero line the two factors which tend to make r,, differ 
from fra, both act downwards, one being the usual attenuation 
effect, the other the special effect here considered. Below 
the zero line these two factors are opposed, for the attenuation 
effect always tends inward to zero, the spurious gain effect 
always downward to — 1, as is indicated by the small arrows. 
And so there may be a point at which they balance, below 
which 7,y is too large, 1.¢., too farfrom — 1. Notice that 7,, 
may be negative, while the true value rq, is positive. 

The careful reader will not need to be warned that this 
diagram is merely illustrative and not to be used to correct 
any r: for the slope of the lines and the position of the 
crossing point B will depend upon the sigmas of equation (12). 
The crossing point may indeed be off the figure entirely and 
the lines merely convergent. The formula (11) is the method 
to be used in converting an observed into a true correlation 
of gain with initial value, and it is only valid if the errors of 
measurement are uncorrelated with one another or with a 


or g. 





